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CHICAGO AND THE CONVENTION 


HICAGO, a eity of tireless energy and formidable strength 

an interesting, hospitable, alluring, extraordinary city—this 
is the city where the next convention and exposition of the Amer- 
ican Society for Steel Treating will be held during the week of 
September 20, 1926, 

But simply to say that Chicago is a great city does not do it 
justice. There are so many points of interest in Chicago that i 
is indeed difficult to know just what to describe owing to limited 
space, 

The city is rich in its appeal to people of various tastes. Its 
diversified industries and business, its great shops, its splendid 
parks and boulevards, its excellent hotel facilities, its various 
recreational advantages afforded by the lake, its theaters, art 
museums, and libraries all contribute to the comfort and pleasure 
of its own people and the stranger who comes to it for the first time. 

As one approaches the city, he beholds veritable mountains ot 
buildings towering high one behind the other, not in broken lines 
like other cities, but en mass. Broad and massive, and for the most 
part rectangular in shape, they have the appearance of huge boxes 
with tier upon tier of windows. Constructed of steel, brick and 
mortar, they rise sublimely toward the sky—the mute yet ex- 
pressive testimony of man’s ingenuity and creative brain power. 
They house much of the business of the greatest nation on earth. 
To the visitor, the business section of Chicago is the feature with 
which he is first, if not most, impressed. 


It is metropolitan in 
the extreme. 


The absence of open squares and monuments and the 
almost uniform height and shape of the buildings gives a sense of 
compactness and similarity in all the street scenes in the central 
portion of the city. 

The Chicago river and its two affluents divide the city into 
three sections. The north section is mainly a residence district 
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with warehouses and manufacturing plants down toward th, 
The west side is given over largely to residences and also ha 
manufacturing areas, lumber yards and retail stores. The goy}/ 
side, while containing residence areas is to the west and extreyp 
south devoted largely to manufacturing. The ‘‘Loop”’ or busi 
center is at the north end of the south side. Here are i: 
wholesale and retail establishments, famous department stores 
office buildings, large banks, theaters, hotels and public buildinos 
Here the elevated and surface cars bring and take the many th 









ninense 


t 


sands of human beings who are carrying on the enterprises whic 
make this one of the greatest cities on the face of the earth, Oye 
150,000 vehicles and 20,000 elevated and surface cars pass throug! 
this ‘‘Loop’’ every 24 hours. 

The city has been wisely planned with wide and long streets 
intersecting for the most part at right angles, which gives 
rectangular appearance as a whole. 
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The base lines for numbering streets running north and south 
and east and west are Madison and State streets respectively and 
by actual count this is the busiest corner in the world. Eight oi 
the largest retail stores in the world are located on State street. 
Western avenue is the longest thoroughfare in the city, extend 
ing from its southern to its northern limits. La Salle street is the 
main street in the financial district. Michigan Boulevard extends 
along the lake front for a mile or more; a famous one-sided 
street where are located some of the best retail shops, hotels and 
office buildings. 

The central manufacturing district is comprised of about 30) 
acres in the very heart of the city located in the vicinity of Thirty 
fifth street and Morgan avenue. It is connected with every rail: 
road that operates in and out of Chicago. Over 10,000 loaded 
freight cars are shipped by the industries annually. The ‘‘district, 
as it is called, is really a city unto itself with all the facilities for 
carrying on big business. 

















While Chicago has extensive residence districts, which are 
located for the most part away from the center one hears ve"! 
little pertaining to them. Many of its citizens live in hotels an 
enormous apartment houses. In fact, the visitor is especially im- 
pressed with the size of everything in Chicago. 

The business section of Chicago has always remained where 


it began. This is in contrast to other cities where the business 
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ection is constantly shifting and following the population away 
from the original location. 

(‘hiecago’s municipal progress is in a large measure due to the 
sjientifie and comprehensive plan for the future worked out and 
presented to the city by the Commercial Club in 1908. One of the 
chief aims of this plan is the opening up of parks and boulevards so 
that the citizens and visitors may have easy access to the pleasures 
and recreations of the lake. Its long and broad streets and boule- 
The lake contributes 
+. the healthfulness of the climate and moderates extremes of 


vards relieve congestion and expedite travel. 








A View of Chicago in Its Earlier Days 


temperature. Much attention has been given to hygienic and 


sanitary measures and for the disposal of its sewage. By means 
of the Drainage Canal the sewage of the city is carried away from 
the lake to be finally dispersed into the Gulf of Mexico by way of 
the Mississippi River. This has aided very materially in making 
Chicago a healthy place to live in. The Drainage Canal was put 
ito service in 1900 after many years of engineering difficulties 
and at a cost of more than $80,000,000. It is designed to serve 
not only as a drainage canal but also as a ship canal for the naviga- 
tion of large vessels. Through the medium of the Drainage Canal 
the current of the Chicago River was reversed and instead of flow- 


ing into Lake Michigan as it did naturally, it has been caused to 


low in the opposite direction into the Mississippi river. By means 
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of this reversal of flow, the waters of Lake Michigan, | 
source of water supply, are not contaminated with wastay 
no doubt, is one of the big factors contributing to Chica 
ceedingly low death rate. The Canal now has a fall of 40 foe; ;, 
its length of 36 miles, and it is about 24 feet deep, 164 feet wide a 
approximately 4,000,000 gallons of fresh water from Lake Michivs, 
flow through it every minute. 

Markets are determined by the movement of population 
dustrial and agricultural growth, and are fixed by the inexora 
laws of trade and commerce. People left the east which was rapid| 
becoming congested and travelled westward. Food and sh 


are the prime requisites of immediate life. In the west they foun 





rich agricultural fields where they raised grain and the prairi 
afforded abundant food for cattle. But these did not suffice. Th 
needed the products manufactured in the east. Chicago 






situated near both the center of area and the center of populatio 
became the distributing point of the country. To carry the grai 
and cattle to the east and the manufactured merchandise to thy 


west, it was necessary to construct railroads. As the populatio 






which is really the producer and consumer, increased, the deman 
for all things which make life comfortable increased. More ai 


} 
t} 


more rails were laid, iron and steel became a great necessity in s 


plying human needs. And so we see that Chicago made the rai 

















roads and not vice versa as many people suppose. Today, it is thi 
foremost railroad terminal and it is said that some 1400 passenge' 
trains arrive and depart daily carrying about 200,000 passenge 

Its water carrying trade is on a par with that of New Yo 
and Boston and exceeds that of any other port in America. [ler 
may be seen great steel ships in all stages of construction fro 
the laying of the keel to those majestically carrying products | 
distant ports. 

It is said that the demand and use of iron and steel is the bes! 
measure of a nation’s prosperity—so universal is its use. The ric’! 
iron ore deposits of Lake Superior which supply 4% of the iron co! 
sumed in the United States are close at hand and approximate!) 
10,000 square miles of bituminous coal deposits lie just to the sout! 
of the city. Blast furnaces were constructed to make steel fron 
which Bessemer steel rails were rolled. These were followed by t 
open-hearth which turned out better products. The car wheel 10 
dustry located works near the smelters and as steel was demanded 
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in great quantities, Chicago and its suburbs became great p: 
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of that commodity. Their markets are just outside the door of th) 


blast furnace. 


Chicago’s whoelsale trade amounts to over $6,000,000,000 
nually. It is the world’s greatest livestock, grain and [yh 
market. In Chicago is located the principal meat packing cen}, 


of the world. The Union Stockyards comprise 475 acres and afford 


accommodations 


for 500,000 cattle and horses. It disposes | 


} 
) 


$3,000,000 worth of living animals every day in the year and actu 


delivery of the property is made, which is not true of many othe 


commodities bought and sold in Chicago. The scientifie method 


and mechanical appliances used in the various departments man 


facturing the many by-products are of interest. The activities | 


the stockyards are a feature of enormous magnitude in the busines 


life of the city. 


Chicago is also the main lumber market in the United Stat, 


and not only quantities but some 85 or more varieties of wood ar 


obtainable. It 


is without a doubt one of the largest furnitur 


markets in the world. 


It is rather 


singular that while Illinois ranks third in the out 


put of bituminous coal, and coke plays an important part in thi 


manufacture of 


iron and steel, that much of the coke used 


brought from the eastern states. The cement industry of Chica 


has grown to great capacity and its product is shipped to all part 


But if one 


would come to know the ‘‘spirit’’ of Chicago let 


him pay a morning visit to the Chicago Board of Trade at La 5a! 
and West Jackson Boulevard. Here are focused the eyes of tl 


world for this is the largest grain and provision market on ear'! 


Traders are determined to buy low and sell high and so great 


the din while the barter is on that speech is useless—a toss of ti 
head, a turn of the hand, thumbs up or down all have a very defini! 


meaning, and commodities are bought and sold with lightning 
rapidity. Here the bulls and the bears still contend for superiority. 
One of the greatest assets for growth, development an¢ 


progress of a community is its facilities for rapid transit and espe 
cially is this true of cities with vast populations. In Chicago 


e¢ , 


the ‘‘loop’ 


which is about a mile long and half a mile wide wit! 


; : ; ial 
double tracks furnishes a turning point for all street cars, 0! 
surface and elevated. More than a dozen tunnels under the (li 


eago River facilitate transportation. 


Indeed, most of the merchan 
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dise, coal, ashes and rubbish is hauled through tunnels 
below the surface of the earth. This network of tunnels o| 
60 miles is connected with many of the business houses. — [{,, 
shipping from all points goes on 24 hours of the day. 

Chicago has some 47 movable bridges and 76 stationary 
which also expedite the transportation of people and merchandj 
from one end of the city to the other. All the large mai 


houses receive and dispose of vast quantities of commodities }) 


Ord 


manner. They do a tremendotis business and receive on an ; 


Vers 


\ 


of 275,000 letters every day. One of the most famous retail stops 


in the world, and perhaps the most renowned of Chicago, hand 
at times, 35,000 telephone calls per day. 

It is in this great city that the eighth annual convention 
exposition of the American Society for Steel Treating will be |) 
from September 20 to 24. This will be the largest and most 
plete exposition of equipment for working and treating metals | 
held. Millions of dollars worth of equipment in great variety 
be on exhibition. Automatic, electric, gas and oil-fired furna 
used in the heat treatment of steel will be seen in operation. 


Seventy-five per cent more exhibition space than was used la 


year has been engaged and there will be 2 miles of exhibits of | 
very latest variety in this enormous exposition which will be lo 
on Municipal Pier, one of the longest piers in the world. his 
the way, is one of the most interesting structures in Chicago. | 
pier is about 3000 feet long, 292 feet wide and cost approximat 
$4,000,000. Over 80,000 square feet of floor space, exclusiy: 
aisles has been allotted to the three hundred and _ seventy) 
exhibitors. 

Every one who makes, sells, buys or works with metals 
machinery will find interesting, instructive and profitable ideas 
this convention and exposition. And here he may mingle with m 


of common purpose and understanding who have problems simul! 
to his own and he may profit from the labors and experience of ol! 
ers and from what he sees and hears. The technical progr! 


scheduling papers by well-known men on subjects which are of vi! 
interest and benefit to all men engaged in the steel industry \\ 


be presented at the technical sessions to be held at the Hotel Drak 


which is the headquarters of the convention. 
This is not merely a show; it is an important annual inst! 
tion, a part of the very life of the organization. 















Ps 


Septel 
Nort ly 


comms 


mie 
memb 
barke 
plants 


made 


\ 


T 


\atia 



































ONAary ono 


entio! 
Vill be h 
LOST 
metals ¢ 
Variety 
d furna 
‘ation, 
AS User 
ibits of 
| be lo 
lL. This 
icago, || 
ONT Hatt 
XCLUSIVE 


seventy 


1 metals 
ble ideas 


le with me 


ems Sima! 


ence of oll 
al progral 
are of vit 
dustry \ 
Lote] Drak 


yual insti 


EDITORIALS 





169 


is nota question of whether you can afford to go. The truth 


3 ; cannot afford to stay away. Exhibitions of this kind not 
only awaken enthusiasm and creative imagination, two of the most 
valuable assets in industry, but they are the most forceful sales 


vencies Im existence, 


Interest was so keen last year that 90 per 
cent of the exhibits were sold on the floor and many orders were 
taken for future delivery. 

No matter where you live the road leads to Chicago, for Chicago 
is easily accessible from all parts of the world. You will find large 
and comfortable hotels at your service. If you have not already 
done so, may we suggest that you make your hotel reservation now. 


PLANT INSPECTION 


ewe inspection for the National Steel and Machine Tool 
Kxposition and Convention of the A. S. S. T. the week of 
September 20th, is under the direction of Theodore EK. Barker, 12 
North Campbell Ave., Accurate Steel Treating Co., Chicago, whose 
ommittee has made arrangements for scheduling plant inspection 

‘Tuesday, Wednesday and Friday afternoons. Optional visits 
for these days have been provided. Considering the wide variety 
{ manufacturing in Chieago there will, undoubtedly, be many 
members and guests who will desire to take these trips. Mr. 
Barker’s committee has further provided for inspection of other 
plants than those included in the main group. These trips may be 
made upon application to the committee. 

\ complete list of the plant inspection trips will appear in 


the September issue of TRANSACTIONS. 


S. A. E. PRODUCTION MEETING 


i ies Production Meeting of the S. A. E. is to be held in Chi- 

cago the same week as the Convention of the A. S. S. T. and 
National Steel and Machine Tool Exposition, the week of Septem- 
ber 2Oth. 


The tentative program calls for technical sessions on Tuesday, 
Wednesday and Thursday, September 21st, 22nd and 23rd. 
Addresses by experts will cover the design, installation and 
plication of conveyors. The papers on this topic will be en- 
livened by the showing of motion-picture films and other illustra- 


live material that will bring the spirit of mass production into 


neeting. 
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A real Production Meeting would be incomplete \ 
thorough consideration of the many angles of gear manufac, 
Krom the selection of raw material and through the m 
and heat-treating processes, the automotive gear will be « 
by engineers who know. 

A paper on inspection along the line will open the Ing; 
Session. Following this, a symposium on interesting insp 
devices will be held. A number of chief inspectors have alr 
agreed to enter this symposium and will deseribe what mich; 
termed ‘‘special gadgets’’ that have been found useful for jy), 
tion in their own plants but that are not known generally to 
inspectors. Through the symposium a valuable interchang 















formation will be effected. 
What Goes Wrong with Machine-Tools and Fitting th, 


to the Job will be the principal topies brought forth in the \| 
chine-Tool Session. 

The Sherman Hotel will be the headquarters for the S. A. | 
and the technical sessions will be held in that hotel. 


A. S. M. E. 
I1K Council of the A. 8S. M. E. has authorized the Society | 
participate in the A. 8. S. T. Convention to be held in (| 
cago the week of September 20th. The participation of the A. s 
M. K. will take the form of a day’s sessions on machine 
practice to be contributed by the Machine Shop Practice Divis 
of the A. 8S. M. E. 


INCREASING INFLUENCE 
Thee rapid growth of the A. 8. S. T. from a small beginning 


a few years ago to its present size of over 4,000 members 
















has been accomplished largely by the remarkable good will t! 
association has developed among the industry it represents, 
well as the whole-hearted co-operation that has been exercised } 
all of the members. This splendid spirit of co-operation, of 
lief in the organization and endeavor to spread its numerous be! 
efits in the surrounding territory is ably exemplified by the acti 
ities of the Detroit chapter. 

Located, as it is, on the site of remarkable activities in 1'0! 
and steel, and surrounded by numerous smaller centers actively 
engaged in the production of articles requiring the service an‘ 
aid of members of the organization, the Detroit chapter has [0 














@XISLS 
Detrol 
Stan 
hhapte 

|; 
lint 
wtive 
localit 
L\ ple 
in the 
their 
the Vr 


as it 


then 




































EDITORIALS 171 





ist four years been engaged in the policy of extension acti 


seg by means of which the Society is able to be of benefit to the 
7 reatest number. 
¥ Regular meetings have been held at Ann Arbor. at the Uni 
. ersity of Michigan, and matters have progressed at present to 
ihe extent where Professor Campbell is Chairman of the Ann 
inspect \rbor Group, and arrangements will be made for the holding 
“a of regular meetings there at stated intervals. with the co operation 
ee of the Detroit chapter. 
es lor all effects and purposes a group of the A. S. S. T. actually 
= exists at Ann Arbor, although it functions directly under the 
ie Detroit chapter, and not the National Society. This is the first 
™ ustance In Which a Group is operating under the direction of the 
' hapter. 
o i l‘urther extension meetings are planned for Lansing and 
os ‘lint during the coming winter. These are arranged through the 
wtive co-operation and support of the members residing in those 
>. A, | localities. The spirit exemplified by Detroit is not unusual, but 
typical of the full measure of energy displayed by all chapters 
in the one endeavor to serve the interests of the Industry within 
Society | their field of influence. So, it can be readily recognized, that 
ld in (] the remarkable growth of the A. S. S. T. is not so much unusual 
the A. s as it is the natural result of united effort. 
bine 
Fi tie : ARMY ORDNANCE ASSOCIATION 
> “PRUE Board of Directors of the A. S. S. T. has received a 
| resolution adopted by the Board of Directors of the Army 
ate s Ordnance Association in which it takes great pleasure in extend 
ites ing to the members of the A. 8. S. T. a cordial invitation to at 
ee ‘| [ lend the Eighth Annual Meeting of the Army Ordnance Asso 
an s clition which will be held at Aberdeen Proving Ground, Mary 
reised by Ma ld, October 8th, 1926. 
“rn The annual meetings of the Army Ordnance Association are 
sae as vevoted to demonstrations of the latest developments in all types 
the acti\ of ordnance, and offer unusual opportunity to witness the present 
Staite of munitions preparedness in our country. This is a matter 
— s Which will, no doubt, have great appeal to many members of the 
site \.S. 8. T. and it is hoped that a great many of them will avail 
“~ al themselves of this opportunity. 


—* More complete details will be published later in TRANSACTIONS, 
Has 10 
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UNAUDITED PROFIT AND LOSS STATEMENT 


AMERICAN SOCIETY for STEEL TREATING 
For the period from January 1 to June 30, 1926 


OTS, cc cee Cee COOKE Ooo eee HO OHS HSS SESCSLESEO SEES tS 
Buttons 4 


ets 909.56 


roraL EXPENSE 


BALANCE SHEET 
As of June 30, 1926 


ASSETS 


ToraL LiaBiLities, RESERVES AND SURPLUS... 





) 
. ) 
vimes 167.22 


CE LE ere entiicterdwecceeeenn 6 6aenn S0be CV Senee che eeans $27,097.18 
SD UNE | ono ecb ebed ee ndhes¥e oes $18,781.29 

WEE “SEED. vicccnescccoceceereesseneeens 551.65 

Transactions Subscriptions .........cceeceeeeees 781.67 20,114.61 
CEE: 86 oa6 S00 Fhe CRE COR EHTS ETS RE CEE REE TENDED EE CH COS EES 256.55 
Es pains whee eb awdee ened ee + ne eeakabemeene ys 556.60 
ee ono 6w6 HON ROO OO SOE OOS Shee eek 5 t eee jee 


eevee eeeeeeeeeeeeesees 641.00 1,550.56 

ET eee eee ee ee 279.00 
I: clint alibi wie eld ce Sed Gee hes od &e 0S keen es $51.22 
H. M. Howe Medal Fund Income......cccccececs 61.98 792.20 
Sustaining Exhibit Memberahip .....ccccccccccccscccesvccecs 7,525.00 

i, ee ot owe eke eae ee ae nee wh elwd 

EXPENSE 

ON Pee TTC ET TTT TTC TET TET Er Te $13,781.89 
Transactions Sie branes » ain cab nce Ged & ls See de kd Caele wh od 17,131.2 
DE, cccc be wba ee eCeath eee 6eeee re hetmewenes eeneiee see o* 33 
i ee, canis 66 9dr 6 Ob4s 0H ne daw eRe sé RbeKKa Ss ee 428.29 
a a dl ea the ak A ne tb le ae ia a ee eae a ae SO¥.17 
i rE +. «5 eigbiand Hadise 6 ¢h & Meas abe Ge bid k cameleon’ 45 
SEE 246 h06 6 pO bebe hed sven SS ee OREO HE WS be ewe be eee 85.74 
es Ah Se. eed cee Sse 6 ok wee bt eee bebe ened 2,382.33 
ne ke kbd ede AOA OOo Oke eb he eee eee 578.80 
en, Ke he oe Lk « ech abo OO’ tare Oa ckebhde abe 232.78 
i Pn has 6 Le ween om ebiee 6.6 eae 4 oe wears ee 3.838 
a A, PCT COE calcaccceeaedeeusbe sic ose owns 322.45 
CUE DEE once vege sesiens Séeeeeqeeeiaseecesecseeerece $,283.2 
Sy SD 6lvies 5-46 weet e 6.00 b 69S eeeede de bewel wears --. 4,646.6 
I a a il ee Bee Le aly oo ck: hice ah ele 1,529.47 
ase. obo vealed OU M6dd be bibeeeees aeeeedbsaweds 1,752.34 
Ce I cc cece scnecen ned ba phate e es eenes 40 eda 1,892.58 
ROP CTTT TTT LC Tee Te te ee ee 2,335.04 
I i a a de a kil lea dy Sak we eb a 115.00 


Commercial Account— Cleveland Trust Co............ccceee, $11,969.88 
Savings Account—Cleveland Trust Co............ $ 5,302.08 
Equity Savings & Loan Co. 17,405.34 
See I ER, cia sg Do ark Oe & Oa 4,171.62 26,879.04 
Accounts Receivabk EN 5s ie 8 We og alk & Oa 2,329.18 
Miscellaneous eeereeereeeeeee 2,186.24 
1925 Convention ......... 48.00 4,563.42 
i Te . cod 6 oe & oa tk aw ae cee 0s ah clve Wed 6426 aes eu 305.81 
POE. o's.c «on 002 RE EH OER CHEE ECD ESEROS SUR eee rr nee 63,235.00 
Cee Fey BD WIG 66.6 a6 cee woe ee eb es ce snciidiac 785.75 
og MTEC TTC TT TE TE ERCe Te LETT ILS TPT 2,452.65 
1926 Convention Prepaid Expenses... ...cscccccccccccscssecs 9,511.96 
1987 Comvemtion PrGpGh TOUSOS. 2 ccc cisccccccsccctecceces 344.35 
oS a 
LIABILITIES, RESERVES AND SURPLUS 
RGEEE FUE bs cae 4h 66 0 Kab) 006 b de 6 ecb 6 etter ed ooeees $ 1,508.98 
1926 Convention Advance Receipts ......ccececesccccesccces 24,501.00 
Reserves for: 
Past Due and Doubtful Accounts............ $ 890.25 
Ss ee nn a ale no + ae diel 10,000.00 
Permament Convention Reserve ............ 20,000.00 
ih a. a CT 0 6 666 006 608 06's 5,000.00 85,890.95 
Surplus—January 1, 1926 ......ccccessececvece 52,476.90 
Less—Increase to H. M. Howe Medal Fund...... 2,000.0¢ 
$50,476.90 
Plus—Excess Income for period from January 1 to 
June 80, 1926, per Profit and Loss Statement 
ORRIN. in 0 dc ceiweenoeoseeease 1eakenea ts 7,675.28 
Present Burpee occ cccccregcccsecedescectccccccces $58,152.18 
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SOME FACTORS AFFECTING COERCIVE FORCE AND 
RESIDUAL INDUCTION OF SOME MAGNET STEELS 


By J. R. ADAMS AND F. E. GorckKLer 


Abstract 


In this article the authors have considered the co- 
ercive force and residual induction of magnet steels as 
applicable to commercial problems. 

The metallurgical factors that have the greatest 
influence on these values are: composition, melting, cast 
ing, rolling or forging, and heat treatment. 

The authors have covered each of these factors and 
give a number of tables which show the effects of these 
actors upon the magnet steels which were investigated. 


DVANTAGE has been taken of the magnetic properties of 
4% steel for a great number of years in various ways, but the 
rapid electrical and mechanical development of the last three 
yuarters of a century has required that magnet steel give a bet 
ter and better account of itself from year to year. This increase 
in performance has required a more critical survey of magnet 
steels for special purposes. The usual properties, such as tensile 
strength, elastic limit, ete., are of little avail in determining the 
suitability of a steel for magnetic use. A general knowledge of 
these properties for manufacturing purposes and for service con- 
ditions are, of course, essential, but the correlation between these 
properties and the results obtained on magnets in service are at 
present not well established. This compels us to examine magnet 
steel in an entirely different manner to determine its suitability 

lor magnetic purposes. 
lt can be stated generally that the usual tests made to select 
steels only approach the conditions imposed by actual service. The 
$120,04 same statement applies to an even more marked degree in mag 
netic testing of straight bars. It is true that we can determine 
the absolute values of coercive force, maximum induction, resid- 
ual induetion, ete., on simple test specimens. That these will 


\ paper presented before the Cleveland Convention of the Society, Sep 
tember, 1925, Of the authors, J. R. Adams is superintendent of the research 
lepartment, and F. E. Goeckler is assistant superintendent of the heat treating 
department, Midvale Co., Nicetown, Philadelphia. 
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foretell the 
complicated shape of an actual magnet cannot be claimed 

in striving for high magnetic values so determined, a step in {\, 
right direction is at least being taken. This situation arises 
three reasons: 


behavior of the steel in service when in t! 







; 
} 
£1 Ui 





l. No perfectly satisfactory theory of magnetism has 
advanced." 


2. So little knowledge exists respecting complicated may 


cireuits. 


Ue] 









) 


3. No correlation exists between the absolute values dete 
mined on straight bars, and the empirical tests on whic! 
manufacturers of magnets usually rely. 





The instruments most commonly used, such as the Burrows 





Fahy and Koepsel permeameters, ete., all require straivht 









to determine the magnetic properties of the steel being teste 
On the other hand, commercial permanent magnets are mad 

a multiplicity of shapes and sizes, few being straight bars. Thes 
vary from the heart-shaped magnet of the watt-hour meter to tly 
straight short magnet of a motorboat igniter, varying in weivh 
from a few ounces to several pounds. Lack of knowledge re 
specting magnetic circuits makes it impossible to foretell th 
effect these shapes will have on the performance of the steel i 




















the form of magnets. Consequently, each manufacturer of ma 
nets develops his own series of tests by which to determine tli 
suitability of the magnet steel for his particular purpose. It on|\ 
rarely happens that these empirical values can be interpreted 
terms of absolute magnetic values as determined on the straigh 
bar permeameters, and, since these empirical tests take forms as 
various as the shapes of the magnets, the testing of magnets 
comes an art suiting the convenience of the manufacturer and lis 
interpretation of what constitutes a good magnet. 

Due to the multiplicity of these tests it is impractical fo! 
the manufacturer of magnet steel to apply them. They woul 
require the actual manufacture of magnets in most cases al 
more instruments than any one laboratory would be justifie 
in earrying. This situation has compelled the manufacturer 0! 
magnet steels to rely almost entirely on the absolute magnet! 
values as determined by the straight bar testing instruments lor 
guidance in the development of permanent magnet steels and thie 


'McKeehan, Journal, Franklin Institute, Vol. 197, May and June, 1924 
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all 


following the values given were obtained from straight 


of metallurgical factors on these absolute values. In 





hars tested on the Burrows’ permeameter under a magnetizing 
roree of 300 C. G. S. units, exeept where otherwise noted. The 
hars were 1 x 14 inches in cross-section and 10 inches long in all 
eases. The specimens investigated by the authors represent pro- 
duction heats in many eases, but, in others, the bars were rolled 
from 3-inch experimental ingots made especially for the purpose. 
These investigations were carried out to obtain data applicable 
to particular commercial problems under consideration at the 
time, consequently, no comprehensive research plan has been fol 
lowed. The magnetic values usually considered are residual in- 
duction, coercive foree, the general shape of the hysteresis curve 
and mathematical combinations of these values. In this paper 
we have eonsidered the coercive foree and residual induction 
only. 

The metallurgical factors that have the greatest influence on 
these values are composition, melting, casting, rolling or forg 
ing, and heat treatment. 


(COM POSITION 
A—Plain Carbon Magnet Steels 


The first steels used for permanent magnets were plain ear- 
bon steels. It was early recognized that the amount of carbon 
present was an important factor, in that it increased the coercive 
foree, but, at the same time, decreased the residual induction.” * 
Curve 1* presents graphically the increase in coercive force 
with the inerease in earbon content, and indicates that above 
approximately 1.00 per eent carbon the benefits derived from 
further addition of carbon with respect to increasing the coercive 
force are of little value, when the magnets are quenched from 
1472 degrees Fahr. If, however, the quenching temperature is 
raised the eoereive foree continues to rise? with an increasing car 
bon content, but at a slower rate than observed below 1.00 per 
cent carbon. It is impractical, however, to quench magnets from 
a temperature as high as that necessary to take advantage of the 


Gumlick, Transactions, Faraday Society, Vol. VIII, 1912, page 98. 


Dowdell, Transactions of A. 8. S. T., Vol. V, page 64. 


‘Burrows, Scientific Papers, Bureau of Standards, No. 272. 
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rise in coercive force produced by the higher earbon co; 





that few magnets are made from steel containing more tha) 





1.00 per cent of earbon. 










The decrease in residual induction over that in pur 
brought about by the inerease in carbon content up to approy 
mately 1.00 per cent has to be aecepted in order to obtain th, 
property of permanence in the magnet. Carbon magnet ste 
are not widely used and only where service conditions ar 
Table I 

Effect of Carbon on Tungsten-Chromium 
Tungsten 6.00 Per Cent:Chromium 0.75 Per Cent 
Quenched in 








Steel C W Cr Normalized light oil from B, 
Degrees Fahr. Degrees Fahr. 

A 1.46 5.79 0.76 1508 1490 7690 

B 1.32 O.87 0.77 1508 1490 7980 6 
( 1.19 5.85 0.73 L508 1490 7170 

D 1.07 5.74 0.75 L508 1490 ROSH 

Ke 0.93 6.0] 0.77 L508 1490 9110 

I" O.85 6.01 0.75 1544 1490 9140 

G 0.75 6.05 0.76 L562 1526 9000 

PY 0.60 o.91 0.81 1616 1562 11150 

H 0.51 6.04 0.74 1616 L598 LLI90O 

I 0.43 6.01 0.75 L688 1598 8760 

K 0.50 6.10 0.76 1688 1670 RRO’) ; 
L, 0.) 6.08 0.74 1706 1670 RHO | 
M 0.11 9.38 0.73 1742 1724 8720 

Values from Parkin—Iron and Steel Institute, Carnegie Scholarship Memoi: \ 

1924 


severe. They ‘are apt to give non-uniform results, especially 
large sections. 


B—Tungsten Magnet Steels 








These were among the first alloy magnet steels to be di 
veloped and exploited. As this is a binary sfeel the relatio 


between the various constituents becomes quite complex. Thi 

















addition of tungsten to plain carbon magnet steel raises tli 





coercive force, and, at the same time, maintains the residual in 





duction at a high value, but the optimum percentage of carbon 
is not generally considered to be 1.00 per cent but in the neighbor 
hood of 0.60 per cent. 











Table I shows’ the effect of carbon on 6.00 per cent tungste! 
steel containing 0.75 per cent chromium, from which it is seen 
that 0.60 per cent carbon gives the highest desirable combinatio 














‘Values from Parkin, Iron and Steel Institute, Carnegie Scholarship Memoirs, \ 
1924. 
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fy lial induetion and coercive force. Table Il confirms this, 
nee there is no gain in magnetic properties in raising the carbon 
‘rom 0.71 to 1.00 per cent. In Table II the lower coercive forces 
nd residual inductions than those obtained by Parkin are due 


‘he lower tungsten, absence of chromium and the fact that the 


Table II 


Effect of Carbon Between 0.70 Per Cent and 1.00 Per Cent on Tungsten 
Magnet Steel 


Rars drawn at 1375 degrees Fahr. for 5 hours cooled slowly. 


Quenched from Quenched from 

1600° F-water 1600° F-oil 
Heat C W B, H, B, H, 
WKD-654 0.71 5.45 LOL75 58.0 9250 64.5 
\V1,E-98 0.78 5.00 9900 5O.0 9150 61.0 
MLE-5S-x 0.84 5.00 9600 57.5 9100 G°.0 
VNE-1] 1.00 5.70 R500 67.5 7?00 71.5 


Table II 
Effect of Chromium on 0.98 to 1.183 Per Cent Carbon Steel 


Bars drawn at 1100 degrees Fehr. for % hour and cooled slowly before 
hardening, 


Hardened from Hardened from Hardened Hardened 
1500° F-oil 1500° F-water 1580° F-oil  I580° F-water 
Heat ( Cr B H, 3, H, B, H, B, HH, 
{SHS 1.13 0.70 10425 30.25 9450 63.50 7200 62.00 RHO 63.50 
MKD-57 1.02 Ls S825 60.35 9725 62.50 8000 69,00 All bars 
cracked 
WKD-830 1.00 1.75 9900 68.00 9875 58.00 8550 67.00 S730 61.50 
MLE-49 1.02 2.95 9500 64.00 103800 56.25 8950 66.75 All bars 
eracked 
\iLE-48 LOO 3.15 10150 63.75 10575 56.20 9230 68,10 All bars 
cracked 
MLD-301 1.02 1.08 9900 65.00 10200 58.25 9400 70.00 All bars 
cracked 
MLE-57 O98 6.07 ak _... 10150 56.00-19600 72.00-2 All bars 
cracked 
MLE-28 1.04 8,93 idee .... 9300 59.50-39400 73.5-4 All bars 


cracked 
Quenched from 1525 degrees Fahr. water. 
Quenched from 1625 degrees Fahr. oil. 
Quenched from 1550 degrees Fahr. water. 
+—Quenched from 1650 degrees Fahr. oil. 


steels were drawn at 1375 degrees Fahr. for 5 hours. Percentages 
of tungsten as low as 5.00 give good magnetic properties, but 3.00 
per cent tungsten is too low to give the best results, as indicated 
vy two steels containing 2.84 per cent and 2.93 per cent tungsten, 
which gave residual inductions of 6500 and 7150. and coercive 
of 56.0 and 56.5. respectively. 


’ . 
Oree 
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Chromium Magnet Steels 


The recent commercial trend in permanent magnets hp 
toward the chromium steels. They originally started wit 
paratively low percentages of chromium, but at the presen 


n on 





t) 
Tl? 







there is a strong tendency towards higher chromium, usino 








Table IV 
Effect of Carbon on Low Chromium Steel 
Bars drawn at 1100 degrees Fahr. for % hour and cooled slowl 
quenching from 1580 degrees Fahr. in oil. 
















Heat ( Cr a 
M KS-221 0.40 0.84 10000 
A-3073 0.61 0.86 9950 ’ 
9-5988 1.08 0.77 7200 
414-8587 1.13 0.70 7200 
A-333+ 1.35 0.69 7250 









Table V 
Effect of Carbon on Some 2.50 Per Cent Chromium Steels 
Bars drawn at 1100 degrees Fahr. for % hour and cooled slowly bet 













hardening. 
Quenched from Quenched from  Quenched fro 
1500° F-oil 1500° F-water 1580° Fo; 
Heat C Cr B; H. B; H. B, lH 
MKD-695 0.83 2.44 10250 60.00 11150 53.70 9200 
MKD-872 0.91 2.398 9850 63.00 10625 55.00 R600 ~—s-&2 
MLE-49 1.02 2.20 9500 64.00 10300 56.00 R900 
138-2 2.37 2.49 5650 62.00 6800 68.00 5950 sR 



















Table VI 


Effect of Carbon on 3.00 Per Cent Chromium Steels 
Bars drawn at 1100 degrees Fahr. for % hour and cooled slowly bet 

























hardening. 
Quenched from Quenched from Quenched fro 
1500° F-oil 1500° F-water 1580° F-oil 
Heat C Cr B; H. B,; H. 3, H 
MLE-55 0.65 3.18 10250 56.5 10700 48.5 10000 58 
MLE-30 0.83 3.05 10400 60.0 11000 53.0 9600 (3 
2-1922 0.90 3.04 10200 63.0 10800 56.0 9200 65.; 
MLE-48 1.00 3.15 10100 64.0 10550 56.0 9300 68 
MLE-49 1.11 2.99 9450 66.5 10400 60.0 9000 
MLE-129 1,24 3.05 8650 65.5 9750 61.0 8150 71 
MNE-48 1.32 3.12 8750 66.0 9456 58.0 8300 11.0 

















to as high as 6.00 per cent. So far the results obtained indicate 
that the increase in magnetic values obtained from greater per 
centages of chromium than 4.00 per cent are not commensurate 
with the increased cost. Table III shows the effect of chromium 
on 1.00 per cent carbon steel, wherein the residual induction 1 
raised continuously as the chromium is increased to about 3.) 
to 4.00 per cent. The highest combination, however, of residual 
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‘nduction and coercive force seems to lie in the neighborhood of 

(0 per cent chromium. The influence of carbon on some chrom- 
> has hee um steels is shown by Tables IV, V and V1, which indicate that 
With 


‘he best carbon percentage is slightly above 1.00 per cent. Greater 
Sent ti percentages than these only increase manufacturing difficulties and 
Using yy hayards and are of doubtful value with respect to magnetic prop- 
erties. ‘Table LV shows the marked effect on the coercive force 
of varying the carbon content of low chromium steels from 0.40 
| ty 1.08 per cent, and the decrease in these values above that per- 
=? eentage of carbon. ‘Table V shows the effect of carbon on the 
coercive foree of 2.50 per cent chromium steels and the increase 
9 of residual induction, due to the increase of chromium, is observed 
by comparing the values of Table LV with those given in Table V. 
Raising the carbon to 2.37 per cent decreased the residual indue- 
tion to a marked extent, probably due to this high percentage 
of carbon reducing the available magnetic volume.® This is con- . 
lv befor firmed by the values obtained on 1.24 and 1.32 per cent carbon, 
00 per cent chromium steels, shown in Table VI. The properties 
580° Foi of a series of 6.00 per cent chromium magnet steels are given in 
es ae Table VII. They are not high enough, however, to justify their 
63 F selection over the 4.00 per cent chromium steels, as far as co- 
' ercive foree and residual induction are concerned. These prop- 
erties are in agreement with those found by Gumlick.’ 
The addition of 0.34 per cent tungsten to 4.00 per cent chrom- 
y befor * ium and 1.00 per cent earbon steel has no marked effect, but on 
7 adding 0.24 per cent vanadium to 4.00 per cent chromium and 
580° Fo} 1.00 per cent carbon steel it was found necessary to raise the hard- 
ening temperature over that ordinarily used in order to obtain the 
0 6 full values of the 4.00 per cent chromium steel; but no treatment 
; of the steel containing vanadium caused any increase in coercive 
0 7 ; force or residual induction over that obtained from 4.00 per cent 
; chromium and 1.00 per cent carbon steel. The chromium steels 
lave the marked advantage over the tungsten steels in that they 


indicate ; vive their best values with an oil quench, while the tungsten steels 
ater pel >» are water-quenching steels. 
lensurate 


D—Chromium-Cobalt Magnet Steels 
Table VIII shows the properties of the addition of cobalt from 


1.25 to 5.20 per cent to 2.50 per cent chromium steels. The co- 


‘Mars, Stahl und Eisen, Oct. 27-Nov. 10, 1909, 
Stahl und Eisen, Jan. 12, 1922, p. 42 


hromium 
uction 1s 
out 3.00 


residual 
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Table VII 

Series of 6.00 Per Cent Chromium Magnet Steels 

Bars drawn at 1100 degrees Fahr., for % hour, eooled slow] 
quenched as shown. 









1545° F-oil 160\ 

C Cr * He B, i 
0.85 6.00 9900 65.0 9400 - 
0.97 6.02 9900 64.0 9300 7 
1.05 6.09 9950 63.0 9300 5 
1.16 6.20 9500 66.0 9100 













Table VIII 


Effect of Cobalt on 2'%, Per Cent Chromium Magnet Steel 
(All bars drawn at 1100 degrees Fahr. for 1 hour, cooled slow); 













No. © Cr Co Quenched by H.  Quenched B H 
in oil° F. in water° F. 

MLE-31-1 0.86 2.60 1.25 1500 10,260 59.5 1500 10.6: Q 
MLE-31-2 0.86 2.60 1,25 1525 10,270 59.5 1520 LOS { 
MLE-31-3 0.86 2.60 1.25 1575 8.960 60.0 L575 1O,.370 588 
MLE-31-4 0.86 2.60 1.25 L575 8.950 61.0 1590 10,080 
MLE-31-5 O.86 2.60 1.25 1650 8.360 59.0 1650 9520 5 
MLE-31-6 0.86 2.60 1,25 1640 8,625 59.3 1640 9.360 55.8 


















MLE-32-1 0.80 2.67 2.27 1525 10,440 61.5 1525 10,880 

MLE-32-2 0.80 2.67 2.27 1540 10,400 59.5 1540 10,800 53 
MLE-32-3 0.80 2.67 2.27 1600 9.950 60.2 1600 10,350  5¢ 
MLE-32-4 0.80 2.67 2.27 1600 9,820 60.0 1610 10.470 37 
MLE-32-5 0.80 2.67 2.27 1650 9290 56.4 1650 9930 54 
MLE-32-6 0.80 2.67 2.27 1650 9.100 58.2 1650 4 74 16 





1-33 . 3 1550 8,240 75.1 1550 10.100 68 
MLE-33-2 0.88 2.06 3.30 1550 8330 75.6 1550 10.120 68 
MLE-33-3 0.88 2.06 3.30 1625 8.370 74.2 1625 9540 7 
MLE-33-4 0.88 %.06 3.30 1625 8.390 75.0 1625 9.340 74 
MLE-33-5 0.88 2.06 3.30 1675 8.970 75.8 1675 8400 74 
MLE-33-6 0.88 2.06 3.30 1675 8,300 75.2 1675 8 580 



























MLE-61 82 2. 1550 9490 67.0 1550 10.480 64 
MLE-61-2 0.82 2.59 5.20 1550 9540 67.0 1550 1U,570 68 
MLE-61-3 0.82 2.59 5.20 1625 9,680 69.8 1625 9,460 68.8 
MLE-61-4 0.82 2.59 5.20 1625 9.590 67.8 1625 9,780 638.9 
MLE-61-5 0.82 2.59 5.20 1675 8.690 64.2 1675 $940 | 
MLE-61-6 0.82 2.59 5.20 1675 9.050 65.2 1675 $590 63 





ercive forces and residual inductions have been raised consider 
ably over those obtained by 0.83 per cent carbon 2.44 per cent 
chromium steel shown in Table V. 
not 


The properties, however, are 
raised sufficiently over those obtained from 4.00 per cent 
chromium and 1,00 per cent carbon steel to offset the increased 
cost due to the addition of cobalt. 








Combinations of chromiun- 
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li-tungsten and manganese give exceedingly high coercive 


forces coupled with good residual inductions—a notable example 
the K. S. Magnet Steel developed by Honda and Saito,’ which 
vives values greater than a B, of 8900 and H, of 215.0.° These high 
i i] : lov steels, however, are exceedingly hard to work, and in addition 


‘heir value in the form of permanent magnets is still indeter- 


MELTING, CASTING, ROLLING OR FORGING 


The methods of melting, casting, rolling or forging have a 

vyeat influence on the quality of magnet steel produced. The fac- 

el tors that enter into the melting of high grade alloy steels all apply 
© 6here and are so well known that we do not need to discuss them. 


" The type and design of ingot molds are governed by two factors: 
63 § © First, the type of equipment available to reduce the steel from 
te — nvot form, and second, the design should be such as to prevent P 
US excessively large erystallization and keep the pro-eutectoid carbide 
oy envelopes as thin as possible. This is important in the case of 
magnet steel, since, as will be brought out later, it is detrimental 
- ; to apply heat treatments after forging or rolling to correct any 
300 56 ' influence which the initial crystallization of the steel may have 
a 54 on the final strueture. From this it follows that it is desirable to 
40 5 ‘ast magnet steel in as small ingots as practicable, thus insuring 
100 » maximum uniformity of carbide distribution, a factor of extreme 
120 68 importance in permanent magnet steel. If the above precautions 
ea "4 are followed, little difference has been found with respect to reduce 
400 74.3 ; tion in area, in sizes varying from 34 x 134 inches to 214 x 4; 
s inches. When ingots are rolled to rough bar form and chipped, 
‘80 64 | better magnetie qualities are generally obtained on the finished 
a os ; product if the rough bar has not been annealed for chipping. Fin- 
80 68.9 ishing temperatures apparently have some influence on the final 
- = — magnetic properties obtained from chromium magnet steel, but 
they apparently have no effect on tungsten magnet steel. Table 
\X shows the effect of various finishing temperatures in rolling 
sider on 1.00 per cent carbon and 1.75 per cent chromium and 1.00 per 
er cent cent carbon and 4.00 per cent chromium magnet steels. When it 
er, are is necessary to furnish the steel soft enough for cold shearing it 
cent is better, whenever possible, to cool at a controlled rate directly 
creased ___‘Honda and Saito, Phys. Math. Soc. of Japan, 8rd Series, Vol. II, No. 3 
»mium- “anford and Cheney, Sci. Papers, Bureau of Standards, No. 384. 


fell, Transactions, A. S. S. T., Jan., 1924, Vol. 5, p. 27. 
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2200 
2264 
2264 
2264 
2264 









2250 
2250 
2250 


250 








Effect of Finish Rolling Temperatures on Chromium Magnet Steel: 
Bars drawn at 1100 degrees Fahr., cooled slowly. 
Temperature at 


start of rolling 
Degrees Fahr. 





Table IX 


Carbon 1.00 Per Cent; Chromium 1.75 Per Cent 


Quenched from 15s 
ahr, in oil, 


‘Temperature at 


finish rolling B,; H 

Degrees Fahr. 
1449 7850 64 
1485 SUUO (; 
1555 8100 (5 
1695 7900 
1850 7700 

Carbon 1.00 per cent; Chromium 4.00 per cent 

1500 9250 
1600 9500 
1700 9300 ’ 
L800 S600 69 

























‘Temperature 


As rolled 
1100 













1200 


Heating Chromium Magnet Steel to Various Temperatures for Various 


Degrees Fahr. 






Table X 





Times 
Carbon 1.03 Per Cent; Chromium 4.07 Per Cent 
All bars quenched from 1580 degrees Fahr. in oil. 
Time in hours 


Cooled slowly B, 
9100 
l 9200 
3 9500 
5 9500 bY 
12 9600 OS 
24 9900 OS 


9850 




















9700 


3 9700 (jf 
5 9800 
12 9900 
24 YSU00 6 


10000 





1 9925 
3 10150 ( 
5 9900 6] 
12 10000 D4 
24 10000 


10200 





1 10200 

3 10100 0.0 
5 10100 92.0 
12 9700 oe) 
24 9800 t9.0 


9400 
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the rolls to obtain the desired softness, rather than to give 
ibsequent anneal or draw. 


iS 


t Steels 
Heating of the steel for forging or rolling should be done as 


rapidly as possible, without doing it injury, both from the stand- 
noint of decarburization and the prevention of excessive heating. 
~The effect of carbon on the coercive force has been shown in 
Tables 1V, V, VI, and Fig. 1, so that one is not surprised to find 
the excessive decarburization from poor practice in manufactur- 
ing operations causes a marked deterioration in magnets made 
from such steel. Actual experience has led us to guard against this 


Various 





5 4@ 44 28 
69 ; Perce! Carbon 


fi } Fig. 1—Effect of Carbon on the Coercive Force. 


( most carefully. It is probable the lower coercive force of the de 
carburized surface allows the magnetic properties to deteriorate 
65.0 : more rapidly in the surface areas than in the interior of the steel. 
This is indieated by testing with flux meter magnets made from 
decarburized steel and non-decarburized steel immediately after 
magnetization, when only a small difference is observed, but on 
allowing the magnets to stand for some time and remeasuring, it 
“ is found that the decarburized magnets have deteriorated in mag- 
52.0) } netic qualities much more than the non-decarburized ones. As 

| most magnet steel is used with the rolled or forged surface intact 
the prevention of decarburization becomes an important factor in 
the production of high quality magnet steels. 



















Temperature 











As rolled 
1200 


































1300 






















1400 




































All bars quenched 


Degrees Fahr. 
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Table XI 
Times 


Carbon 0.72 Per Cent; Tungsten 5.55 Per Cent 


from 1600 degrees Fahr. in water. 
Time in hours 
Cooled slowly B, 
: 10200 

| LO275 
» 10250 
5 10100 
12 10225 
4 10175 
36 10250 


10200 
3 LOL5SO 
5 LOvz25 
12 10300 
24 10225 


10150 


10200 
3 10200 
5 LOL5O 
12 10250 
u4 10v00 


10400 


Table XII 


Effect of Holding at Quenching Temperatures for Various Lengths 


Time 
Carbon 0.98 Per Cent; Chromium 1.75 Per Cent 


(All bars quenched from 1580 degrees Fahr. in oil) 


Time in minutes held at 


























Quenching temperature By H, 
0 8750 65.0 

5 8400 64.0 

15 7900 62.0 

30 7800 60.5 

60 7600 59.5 

7300 96.0 


Heat TREATMENT 














extent its importance deserves. 














“Carnegie Scholarship Memoirs, Iron and Steel Institute, Vol. XIIT, 1924. 


Heating Tungsten Magnet Steel to Various Temperatures for Vario, 


0 














In reviewing the literature of magnet steel one is impressed 
by the slight attention paid to the history of the steels being in 
vestigated. There are some notable exceptions to this, of course, suc 
as Parkin," but, in general, this point has not been stressed to the 
Many investigators have concerned 
themselves with composition only, neglecting all heat treatmen' 
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seceding final hardening. Krom the fact that a variation of 
» 46.0 to 70.0 in coercive force can be obtained from the same 


from 


Various composition with the same final hardening procedure by varying 
‘he previous heat treatment, it ean be readily appreciated that 
Table XIII 
Effect of Air Quenching Before Hardening 
Carbon 1.00 Per Cent; Chromium 1.78 Per Cent 
ht Bars drawn at 1100 degree Fabr., for 4% hour, cooled slowly. Heated and 
' juenched, as given below, and quenched from 1580 degrees Fahr, in oil, 
Air quenched from 
Degrees Kahr, for 5 minutes Bb, LH. 
; As rolled 8400 69.0 
L100 S400 68.5 
: 1200 S925 68.0 
L300 S750 66.0 
L4u0 8400 65.5 
L500 9125 64.5 
LGOU S850 64.0 
L700 SYUU 68.5 
LSOU S500 68.0 
LYOU S6OU 69.0 
~ 000 S1LUOO 68.0 
2 Table XIV 
Effect of Air Quenching Before Hardening 
Carbon 0.83 Per Cent; Chromium 2.44 Per Cent 
gths of Bars drawn at 1100 degrees Fahr., for 4% hour, cooled slowly. Heated 
a ir quenched, as given below, and quenched from 1580 degrees Fahr. in 
Air quenched from 
Degrees Kahr. for 5 minutes B, H, 
1100 9? 00 61.0 
1200 900 61.0 
1300 S800 61.0 
1400 9000 58.0 
1500 10000 58.0 
1600 YOU 57.5 
L700 9500 58.0 
L800 9300 58.0 
1900 9200 59.5 
2100 9000 59.0 
Ipressed my 
heat treatment is as important as composition. Several of the 
ping il 6 ; : ; . 
, ‘actors previously discussed are practically heat treatment fac- 
‘Ne ; such : ; . Pp - 
ee lors, but factors that can only be controlled during the melting, 
tf) I} f . 2 . , ° 
casting, rolling or forging, and, due to the complicated nature 
neerned , , ; : f ; 
a Of the reactions which bring about the changes in magnetic proper- 
aatment 


t 


lies, they cannot be corrected later. 
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The fact that in annealing billets, prolonged heating ani x 


LO\ 


cooling in manufacturing operations are all detrimental to the fina) 
magnetic qualities of the steel may be partially explained by dis. 
sociation of some of the compounds in the steel and the coalesejy, 
of some of the constituents. It is difficult actually to demonstrat, 
this experimentally, due to lack of absolute control of the aboye 
mentioned operations, where one factor may be deliberately 
changed, while some other factor may have changed inadvertey 
ly during the experiment, but average results obtained over long 
periods of production demonstrate the above to be correct. Rex 
soning by analogy from results obtained on the annealing of {iy 
ished magnet steel leads to the same conclusions. The results 0! 
heating chromium and tungsten magnet steel to various tempera 
tures are indicated by Tables X and XI. 

Tables X and XI show clearly the drop in coercive force 
eaused by heating and the influence of time. These temperatures 
are all within the spheroidizing range and the higher temperatures, 
at which spheroidization occurs more rapidly and to a greater ex 
tent, cause a greater and more rapid drop in coercive force 
Murakami’? and others state that chromium forms various carbides 
that do not dissociate below the critical temperatures. If tl 
is so, then the above results can only be attributed to the coalescing 
of the carbides which do not again become so intimately dispersed 
on subsequent quenching. It may be supposed that this could be 
overcome by holding at the final quenching temperature for longe! 
periods, but this is not the case, as shown by Table XII, and when 
the statement of the above mentioned investigators to the effec 
that the chromium carbides dissociate when heated above the crit 
cal temperatures is considered, the results become more explain 
able. Their statement that chromium carbides dissociate into 
other carbides and free chromium accounts for the lowering 0! 
the residual induction, the free chromium forming a solid solu 
tion in the ferrite, thereby lowering the permeability and, conse 
quently, the residual induction. The exact composition of tlie 
various chromium carbides have not been positively determined, 
nor have the extent and character of the reactions for various tem 
peratures and compositions been established; but it is fairly well 
known that several exist, and it seems reasonable to believe thal 
each one will have a different effect on the magnetic properties 0! 
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Murakami, Science Report, Tohoku Imperial University, Vol. VII, No. 3. 
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Table XV 


Effect of Air Quenching Before Hardening 


Carbon 1.00 Per Cent; Chromium 4.00 Per Cent 


Bars drawn at 


As rolled 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 


1100 degrees 
Heated and air quenched, as given below, and quenched from 1080 
degrees Fahr. in oil. 
Air quenched from 

Degrees Fahr. for 5 minutes 


Fahr., for 


By 
9200 
9000 
9100 
9200 
9500 
9400 
9250 
9250 
9200 
7900 


Table XVI 


% hour, cooled slowly. 


H. 
72.0 
71.0 
70.0 
68.5 
63.0 
65.0 
65.0 
65.5 
68.5 


69.5 


Effect of Air Quenching Before Hardening 


Carbon 0.72 Per Cent; Tungsten 5.45 Per Cent 


Bars drawn at 


1200 
1300 
1400 
1500 
1600 
1700 
L800 
1900 


Kahr., for 
Heated and air quenched, as given below, and quenched from 1600 
degrees Fahr. in water. 

Air quenched from 
Degrees Fahr. for 5 minutes 


B- 
10,300 
10,200 
10,000 
10,000 

9,950 
9,950 
10,000 
9.950 


Table XVII 


yy hour, cooled slowly. 


Effect of Slow Cooling Before Hardening 


Carbon 1.00 Per Cent; Chromium 1.78 Per Cent 


Bars drawn at 


As rolled 
1100 
1200 
1300 
1400 
1500 
1600 

1675 

1800 


Fahr., for 
Heated and cooled slowly, as given below, and quenched from 1580 
degrees Fahr. in oil. 

Cooled slowly from 
Degrees Fahr. for % hour 


Br 
8400 
8500 
8600 
8800 
9300 
9200 
8600 
8700 
8200 








Y% hour, cooled slowly. 


H. 
69.0 

7.5 
67.0 
63.4 
58.0 
55.0 
55.0 
56.0 
59.0 
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the steel, so that the formation of a new carbide or carbides ; 
the coercive force, since it is fairly well established that 
are responsible for the property of coercivity in the steel, 7), 
figures given in Table XII indicate, as well, the loss in 

foree as the steel is held for an increasing length of time 





at | 
quenching temperature, which in some measure also contirms 


tT) 
Lif 


theory of the change of the nature of the carbides when they ay 
held above the critical temperature. 

The above statement respecting the decrease in coercive fore 
due to the agglomeration of the carbides is strikingly borne 
by Tables XIII and XIV, which show the effect of heating 
steel to various temperatures and air cooling before hardening 
The minimum values all fall at 1600 degrees Fahr. Honda' 
that for high carbon steel there is a spheroidization zone extend 
ing about 100 degrees Cent. above the critical temperatur 
which the excess carbides spheroidize, and that above this poin 
total solution occurs. This seems applicable here since there 
a rise in coercive force after 1600 degrees Fahr. is passed if th 
steel is heated rapidly, cooled quickly and not held so long that 
dissociation of the carbides is allowed to proceed to any extent 
That this dissociation does occur is indicated by the fact that eve 
when care was taken not to hold too long in the solution rang 
only in a few instances does the coercive foree reach values 
high as those obtained without preheating. 

If the steel is heated to various temperatures, cooled slowly and 
then hardened, the minimum coercive force again occurs at abou 
1600 degrees Fahr., but above this temperature the values do not 
approach the ‘‘as rolled’’ values as do those obtained from bars 
air cooled from the same temperature. This would be expected, 
since the excess carbides that have been dissolved above this tem 
perature are reprecipitated during the slow cooling. Cooling 
slowly from temperatures above the critical allows the dissociate! 
carbides partly to recombine.** Tables XVII, XVIII, and NI\ 
show the results obtained from bars so run. 

The reaction that occurs in the tungsten steel is not so clear. 
The indications are that the effects noticed are only due to agglom 
eration of the carbides without dissociation of the constituent, 
but the sudden drop in coercive force noticeable on heating to 


QT 
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tet 
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Honda, Iron and Steel Institute, Vol. 102, 1920, No. 11, p. 261. 





Murakami, Science Reports of Tohoku Imperial University, Vol. VII, No. 3 
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ides aff 1300 degrees Fahr. for one hour and cooling slowly in Table XTX 
t earhia ‘ndicates that some further change takes place somewhere above 
Uf Pitta 
tee] om 1700 degrees Fahr. This requires further investigation. 
N ener In addition, the effect of holding tungsten steel for various 
me at th lonoths of time at the quenching temperature does not affect the 
firms th, magnetic values to nearly the extent it does chromium steels. 
1 they a) The above factors discussed all have to be considered in the 
aroduetion of commercial magnets. Magnet manufacturers re 
Ci Ve Tf f 
borne ant Table XVIII 
af Effect of Slow Cooling Before Hardening 
ating the Carbon 1.00 Per Cent; Chromium 4.00 Per Cent 
ardenine Bars drawn at 1100 degrees Fahr., for % hour, cooled slowly. 
lal3 cto Heated and cooled slowly, as given below, and quenched from 1580 
uals degrees Fahr. 
eC extend ; Cooled slowly from 
ratin Degrees Fahr. for % hour B, H, 
= As rolled 9200 72.0 
his point 1100 9200 70.0 
t] 1200 9300 69.0 
here 1300 9500 66.0 
ed it th 1400 9750 57.0 
i L500 9750 57.0 
ong tha 1600 9750 57.0 
VY extent 1700 9700 97.0 
th L800 9600 58.0 
a CYP) 
Ee Table XIX 
values as Effect of Slow Cooling Before Hardening 


Carbon 0.72 Per Cent; Tungsten 5.45 Per Cent 
Bars drawn at 1100 degrees Fahr., for ™% hour, cooled slowly. 
owlv and Heated and cooled slowly, as given below, and quenched from 1600 
degrees Fahr. in water. 


at abou Cooled slowly from 
1s do not Degrees Fahr. for 1 hour B, H. 
1100 10,200 69.3 
rom bars 1200 10,250 67.5 
expected . 1300 10,200 64.5 
' 1400 10,200 62.0 
this tem 1500 10,100 60.0 
Cooling 1600 10,000 61.0 
pet 1700 10.000 58.0 
ssociated : 1800 10,100 53.0 
nd XIX : ea ea ee een Et 
quiring soft material for cold stamping cannot expect to obtain 
so clear. | the maximum magnetie values from the annealed material. Op 
agolom } erations involving the heating of the steel for other than quench- 
stituent. ; ing, such as forging, bending, ete., all decrease the magnetic val- 
ating to f ues, and if they are not carried out with due regard to avoid tem- 


peratures, periods of holding, etec., that are injurious, the decrease 
in magnetic values is likely to be considerable. However, if the 
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conditions are judiciously chosen and care taken to see tha; 
are adhered to, the loss in magnetic values from such operations 3 
not serious. 

When softening for machining after forging, bending. oi, 
is required, loss in magnetic values must be expected. Whenever 
it is possible to avoid the softening of magnet steel for whatever 
purpose after its initial rolling or forging, it should be done. } 
the hardening operation a procedure should be adopted that w; 
permit of the holding of the magnets at the quenching tempera 
ture the least time possible to obtain the maximum magnetic yaly 


LUE 


? 





CONCLUSION 












To sum up, it must be borne in mind in treating and quench 
ing magnet steel that there are apparently two factors that o 
pose each other, the obtaining of the maximum amount of ea) 
bides in solution, the best conditions for which are the best 
ditions for the detrimental dissociation of the carbides. so th, 
conditions that will permit of the maximum amount of carbides 
in solution with the minimum amount of dissociation should by 
adopted. The maxim of successfully treating magnet. st 
is the “‘less you do to it and the more quickly it is done, th: 
better.’’ 


COl 

















Written Discussion:—By R. L. Sanford, Bureau of Standards, Washingtor 


For many years the production of good permanent magnets has bee) 
more or less of a trade secret, not so much in the sense that unusual pri 
are involved, but rather, that unusual precautions must be observed. It 
long been a matter of common knowledge that originally good magnet sti 
can easily be injured in the process of manufacture into finished magnets 
The technical literature on this subject, however, is very meager. The pap 
by Adams and Goeckler, backed as it is with practical experience, sho 
prove to be very valuable in this connection. 

[ should like to comment on one or two points. First, in regard t 
magnetic testing of steel. The value of magnetic testing is coming to b 
more and more realized. It is true that other elements enter into t! 
performance of finished magnets, but it is of first importance to be assured 
that the material of which they are to be made is of satisfactory quality 
A good product cannot be made from inferior material. Magnetic testing 
has not been common in the past because of the unsatisfactory and con 
plicated nature of the testing equipment available. Recent developments, 
however, have removed this objection and large quantities of material ar 
now being furnished on the basis of specifications as to magnetic qualil) 
Second, with regard to the cobalt steels. The authors state that the) 
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DISCUSSION—MAGNET STEELS 191 
‘feult to work and their value is indeterminate. It is true that these 

wore difficult to work than the older magnet steels and much more 
neive to manufacture. It is also true that magnets made according to 


XPelis 
ions suitable for the older types of magnet steel do not give a propor 
nate improvement in performance. On the other hand with proper de 


» it has been possible to achieve results with the new steels which have 


sep hitherto impossible of accomplishment. It is to be hoped that Amer- 


» manufacturers will soon turn their attention to the production and 
zation of steels of the K. S. type, which are already being used to a 
nsiderable extent in Europe. 

[he data given in the paper should be of very practical value and it is 
be hoped that the authors will continue to make available the results of 


ell xper1lence, 


Written Discussion:—By W. E. Ruder, Research Laboratory, General 
Electric Co., Schenectady, N. Y. 

Scientific progress in the development of permanent magnet steels has 
en extremely slow, due mainly to the lack of definite standards of excel- 
ency for the metallurgist to work to. ‘The extreme complication of com- 
osition presents in itself a difficult problem, but when this is added to the 


varies of the, as yet, not too well understood mugnetic phenomena, it is 


not surprising that real progress has been slow. The authors of this paper 


e made a distinct contribution to the literature on the subject by calling 
ore specific attention to the effect of ‘‘previous history’’ upon the quality 

the finished magnet. From a practical point of view this information 
s most valuable, but it is also interesting to those who are trying to solve 
le riddle of the relationship between metallurgical structure and magnetic 
‘quality.’’ SS. Evershed has called attention to the important effect of 
revious history on the quality of tungsten magnet steels, but evidently 
became so discouraged with the lack of knowledge of magnetic phenomena 
n the part of some metallurgists that he scorns the whole profession and its 
terms, and all but loses his valuable experimental data and deductions in a 
sea of words. 

| like to picture magnetic hardness much the same as Jeffries and 
\rcher have pictured mechanical hardness with the provision, however, that 


+ 


ie ‘‘keying’’ particles must all be in a special kind of atomic dispersion, 
or combination, and to that extent magnetic hardness will follow mechanical 
hardness, but critical dispersion, the largest factor in mechanical hardness, 
is no relation to the magnetic hardness. Examples of such divergence 
vetween magnetic and mechanical hardness have been frequently cited. Mag- 
netic quality is composed of two factors, Br, the strength of field, and H., 
the force which maintains that field. The relative importance of these two 
factors has been much discussed, Mathews and Gumlich each suggesting a 
ombination of the two to represent a measure of magnetic quality. This 
is of doubtful practical value, however, as they each have a variable signifi- 
ance depending upon the size, shape and use to which the magnet is to 
be put. My own inclination is to value He rather more highly than either 
of these two authors have indicated, because the value, Br, may mean little 
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in the magnet as actually used, due to the demagnetization of 
Which is greater the less the coercive force. This point is nicely 
by Gumlich." 

Mathews has shown (H. M. Howe Memorial lecture, 1925 
retention of austenite is responsible for increased H, Values and 
also discusses the retention of austenite, but deplores it on ACCOou) 
decrease in B,. This increase in H. ig Probably due to the greate, 
of gamma iror, for carbon and may be the direct Cause for the 
value of H. in cobalt steels, the decrease in alpha iron being ep» 
for, in the Value of Be, by the ereater saturation value of the col 
rite. This ney point of view does not clarify the situation much, 
unless we can understand just how 4 solution of carbon in a non-m 


atom ean affect the rete 


Let us, then, 
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the atom w hich 


rcive force with 
to 
Of course any 
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atoms. This calls for an assumption of a4 combination, or bette: 
phase equilibrium between ferrite and 4ustenite, not yet recognized 
metallurgist. Mere Solid solution of carbon—in alpha iron cannot 
for the high coercive force of magnet steels, for Silicon up to 5 per 
no effect upon the coercive toree except, indirectly, to lower it, and it 
in distorting the iron lattice cannot be so much less than that prod 
a very much smaller percentage of carbon. Likewise, gamma iron 
neffective, but Gumlich has shown that drastically cooled earbon steels 
tbout as high a coercive force as the tungsten or chromium Steels, but 
heir B, values are very low. The function of the added alloys 
nerely to raise Br by keeping the carbon in Solution and so ret 
sufficient quantity of austenite, and freeing the rest of the iron 
netic ferrite. That the carbide forming elements, such 4S manganese. 
um, tungsten and molybdenum, found 
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to the quenched from the ‘‘as-rolled’’ condition. It would be interesting to 
know W nether the authors ever tried the very high temperature (2265 degrees 

vgested by Evershed as a restorer of magnets spoiled by heating, 
or the treatment suggested by him for curing the evil effects of overheated 
steel. The experience of some magnet makers indicate that a normalizing 
treatment which will not decarburize or decompose carbides will entirely re 
store quality and theoretically it seems that it should. 


Written Discussion:—By R. L. Dowdell, University of Minnesota, 
Minneapolis, Minn. 


The most interesting contribution of Mr. Adams and Mr. Goeckler con 
tains very Valuable and useful information concerning the thermal treat- 
ment of permanent magnet steels. 

lhe data presented in Tables II, Ill, V, VII, and Vill on tungsten, 
hromium, and low cobalt-chromium magnet steels, shows almost without ex- 
eption that if complex alloy steels of the same section are water and oil 
quenched from the same temperature, the pieces quenched in oil will be less 
magnetic (lower value of B,-) due to the retention of either austenite or 
troostite. 

The coercive force after oil quenching these steels is greater, thus show- 
ing that they contain more austenite and not troostite, because when troostite 
appears on tempering a magnet steel both the coercive force and the residual 
induction drop to low values. Of course it is possible that the arrangement 
f the martensite and austenite is different in oil and water quenching witt- 
out changing the relative amounts. 

Dr. Mathews' has summarized considerable evidence from experiments 
on density, volume changes in tempering, magnetic and X-ray tests, and 
microstructure indicating that more austenite is retained by oil quenching 
these alloys than by water quenching. This statement that oil quenching 
produces more austenite still requires explanation, but considerable evidence 


points toward it. 


The values of both B, and H. for a chromium steel shown in Table XII 


lecrease as the time of holding at the quenching temperature is increased, 


which would seem to indicate that the grain size of this steel increased and 
aused the lowering of the values even though more of the carbides were 
retained in solution. 

\s the authors have stated, it appears from their work and from the 
work of Murakami, that in chromium steels the dissociation of carbides in- 
creases with holding at a high temperature or for a long time and that slow 
cooling from temperatures above the critical point allows these dissociated 
irbides to partly associate. However, I would think that this dissociation 
plenomenon could largely be counteracted by the multiple quenching of the 
previously normalized or annealed bars, after holding very short times from 
temperatures above A. but not to exceed about 1580 degrees Fahr. This 


treatment may not be a commercial treatment but from the standpoint of 


‘Dr. J A. Mathews, Second Annual Henry Marion Howe Memorial Lecture, delivered 
he New York Meeting of the American Institute of Mining and Metallurgical Engineers, 
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grain refinement and the elimination of the spheroidized carbi 
equal the magnetic values obtained by hardening the ‘‘as-rolled’ 

| should like to ask the authors if they have tried any multi 
ing experiments? 


its 










Authors’ Reply to Discussion 


In reply to Mr, Sanford, the authors wish to make it clear thai 
not mean to imply that the cobalt magnet steels have little merit, by 
that up to the present time they have failed to be widely used due, as \\ 
ford points out, to lack of knowledge respecting the necessary design to 4 
advantage of their high magnetic values. 





ry Woy 


So far, present results seem t 










cate that in order to use their high magnetic values quite different designs 
necessary from those used with ordinary magnet steels. It may be fy 
later that they are very susceptible to small changes in design and siz 
may mitigate against their adoption, since manufacturers of machines 
compelled to make changes from time to time to meet changing conditions, 
which case it may be necessary to make very considerable changes in the desig 
of the permanent magnet, if a cobalt magnet steel is being used. |} 
development and experience can only answer this question. 

Mr. Dowdell and Mr. Ruder both Mathew’s pape 
‘*Austenite and Austentic Steels.’’ It is still questionable as to whether n 


austenite is retained in these steels by an oil quench than a water quen 


refer to Dr. 







although the evidence is certainly strong for the adoption of such a view 





llowever, the authors feel that undue stress is being laid upon this phas 





affecting the phenomena they are discussing. They would point out that t 
adoption of the retained austenite theory is in no way incompatible with th 


theory of the 






varbide spheroidization since such spheroidization retards 
dispersion of the carbides in the subsequent austenitic solution, thus possi! 








effecting the amount of retained austenite upon subsequent quenching. ‘l) 
point here is that if the amount of retained austenite is the predominating 
factor effecting coercive force the spheroidization of the carbides effects th 
amount retained. 






Further, the authors wish to point out that in Mr. E. C. Bain’s paper i 
the July TRANSACTIONS for 1925, it is stated that all austenite is decomposed 
above approximately 500 degrees Fahr., for a chromium magnet steel contau 
ing 2.6 per cent. 





Chromium magnet steel drawn at this temperature retas 
considerable coercive force. 










In answer to Mr. Dowdell’s question respecting multiple quenching, | 
authors can state that they have quenched magnets up to as many as thr 
times and usually found decreasing values after the initial quench. M! 
Dowdell’s point is well taken from the point of view that such a procedur 
might readily be thought to assist the dispersion of the carbides, but it must 
be remembered that in heating up to the critical point some respheroidizatio! 
is probably occurring, thus counteracting the dispersion obtaining from tl 
previous partial solution from the original spheroids present which must neces 
sarily be slight, due to the low mobility of chromium carbides. 







In answer to Mr. Ruder’s question as to our experience with high 


(Continued on Page 213) 
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) \ppLICATION OF THE MATHEMATICS OF PROBABILITY 


TO EXPERIMENTAL DATA AS A BASIS FOR APPRO- 
PRIATE CHOICE OF FERROUS MATERIALS 


By B. D. SAKLATWALLA AND H. T. CHANDLER 


Abstract 


The number of alloy steels which are now in use 
make the problem of selecting the mest suitable 
alloy steel a perplexing one. In this paper the authors 
suggest a method of reasoning which should be of prac- 
tical value in solving this problem. The ‘‘law of error’’ 
and ‘‘the law of frequency’’ are considered. 

Probability curves are gwen m which the Brinell 
hardnesses are plotted against the frequency number of 
castings in foundry practice. This graphic method of 
representation gives more satisfactory results than mere 
averages of numbers. 


ee the demand created by the rapid strides and 
complexity in design of modern mechanical equipment, a 
variety of ferrous alloys have come into existence within the last 
decade or two. This has constituted our modern metallurgy, 
particularly that of alloy steels. This metallurgy has, in some 
measure, overstepped the existing demand, inasmuch as for every 
requirement a number of alloys have been brought forth, making 
the question of selection of the right alloy an apparently per- 
plexing one. It is the purpose of the following remarks to draw 
attention, in only an introductory manner, to a method of reason- 
ing, which may be of considerable practical utility in meeting 
this perplexing situation. 

The science of metals has been developed to a high degree 
of exactitude and our knowledge of their state immeasurably 
widened. Ferrous metallurgy especially has been a fruitful field 
of research, and even of scientific speculation, with better and 
more exact. knowledge of the effect of various elements and con- 
stituents oceurring in steels. We must, however, bear in mind 
that such seientifie knowledge of metals is derived under regu- 
lated and exact laboratory conditions, and, therefore, we must 


\ paper presented before the Cleveland Convention of the Society, Sep- 
tember, 1925. Of the authors, B. D. Saklatwalla, is vice-president and H. T. 
Chandler is metallurgical engineer with the Vanadium Corporation of America, 
Bridgeville, P: 
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distinguish clearly between the science of metals and the seip 
of applied metallurgy. The latter, undoubtedly, still bearg 4, 
category of an art, as the skill with which the processes are ea) 
ried out must influence the products obtained. With the prog 
ress of the pure science of metals we have learned, however. ; 
practice this art on a more scientific basis. With the vast «, 
cumulation of coordinated metallurgical data and the systemati 


hee 










correlation of composition, properties, process of manufactur, 
ete., to actual service, we are justified in speaking of a 
of applied metallurgy. 

With the term ‘‘science’”’ 


_ SClLEeN Ce n" 


the average mind associates a « 
gree of exactitude, infallibly coordinating cause and effect. Hoy 
ever, the ‘‘sciences,’’ 






as we term them, are not bound by sueh 
If we survey the realm of the ‘‘sciences.”’ 
we find that, commencing with mathematics, the most exact o! 
them all, through physics, astronomy, and chemistry, we 
to the so-called ‘‘natural-history’’ sciences, covered by the generi 
term, ‘‘biology,’’ and then to the political and sociological sv 
ences where the degree of exactitude of correlation between cause 
and effect is quite of a diminished order. This diminishing de 
gree of exactitude is brought about by the large number of vary 
ing, uncontrollable, accompanying circumstances under whieh th 
correlated data are obtained. Thus, while we can readily see th 
unvarying exactitude of a mathematical formula or of the laws 
of gravitation or thermo-dynamics, we can appreciate the pos 
sibilities of varying results in biology, and much more s0 in 
sociological sciences. To keep the conditions of a biological phe 
nomenon constant to the extent of a physical laboratory exper 
ment would hardly be thinkable. In other words, mathematical 
and physical data are influenced by no degree of variability, 
whereas biological and sociological data are influenced by a high 
degree of variability. 





measure of exactitude. 







come 














The science of applied metallurgy may be taken to be of the 
same order as that, for instance, of biology, with the attendant 
degree of variation of its data. It is, therefore, perfectly log! 
eal to apply the methods of research and reasoning to applied 
metallurgy that have given results in the older sciences of biology 
or sociology. The most useful method, under such circumstances, 


has been the application of the mathematics of probability to the 
accumulated experimental data. 
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The well-known method of representing results of phenomena 
ander change of conditions by means of a straight-line curve, 
spordinating the results and conditions plotted as ordinate and 
heeissa, Which afforded wonderful information when applied to 
‘he sciences of less variant degree, fails completely when applied 
1) a highly variant-degree science, such as that of applied metal 
lurey. For instance, if the values of the reduction of area of a 
onsale of specimens of a steel are plotted in a coordinating dia 
cram against drawing temperatures, the variation in reduction 
of area among the different specimens at the same temperature 
nay be mueh greater than the variation suffered on the same 
a by alteration of the drawing temperature. It is, there 
fore, readily to be seen that, in such a ease, a straight-line dia 
-ram will give information erroneous, if any, as to our expec 
taney of obtaining the desired reduction of area from the several! 
specimens. If, however, the specimens were plotted on a proba 
bility eurve, following the procedure of, for instance, biologi 
eal science, we would obtain more tangible and more practical 
information. 

To more clearly elucidate the analogy of biological repre 
sentation, we ean take the example of the probability of obtain- 
ing a certain length of stalks in a corn field. The frequency 
urve,! Fig. 1, shows clearly the result of tabulation of measure 
ments of a eertain number of stalks at random. The length of 
the stalks may depend on such varying factors as soil, seed, in- 
sect ravages, drainage, ete., just as steel specimens of same com- 
position would vary according to their different life-history, con 
stituted by melting, casting, rolling and fabricating practice. 

This eurve is plotted from the data contained in Table I, 
where the height of stalk in feet is shown along the horizontal 
line and the number of stalks of various heights in groups are 
plotted in the vertical direction. 

‘rom data of this kind, by mathematical deduction we can 
derive a general eurve, giving us a relation between the extent 
of the deviations and the frequency with which they occur, ex- 
pressing the ‘“‘law of error.’’ Reverting to the example of the 
corn stalks, Fig. 1, and reviewing many similar ones, we see 
that we ean deduce the law that both chance and natural phe 
nomena tend to fluetuate about a normal. The large majority 


from Willford I. King’s “‘The Elements of Statistical Method,”’ 1923, page 109 
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of items are usually grouped near the center line or node. and 
as the distance from the node greater, the items }p. 
rapidly fewer in number. In natural phenomena, a 
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Fig. 1—Frequency Curve of Corn Stalks Selected at Random. 


mum deviation may be approximately determined beyond 
no items occur. 


which 
This law was discovered by Quetelet and is the 
basis upon which a large part of the science of statistics is built 

A theorem of great importance in the theory of probability 





Table I 
He ight in F ‘eet (Size of Item) No. of Stalks ( Frequence) 
eae i 

3-4 3 

4-5 7 

5—6 99 

6-7 60 

7_8 

8 








itself, and in its application to practical problems, is the ‘‘law 
of error,’’ which may not be cut of place here to discuss ver) 
briefly. 

Suppose an experiment to be such that the chance of success 
is always “‘p’’ and of failure ‘‘q,’’ so that p + q = and then 
let the experiment be repeated ‘‘n’’ times, and consider the chance 

‘*r’’ suecesses and n — r failures, then the chances 
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9 ..--- Nn suecesses can be shown to be the successive 
terms of the binominal expansion: 


(q } p)" q" + n.q™ 1 Pp a ania 
-+ nq p" 1 + p" 


which may be finally expressed as: 


which equation means that, when ar n fold experiment is made, 
the number of suecesses shall be x in excess of p n, where p is 
the chance of suecess in a single experiment. 

This mathematical deduction of the ‘‘law of error,’’ by 
plausible reasoning, gives in practice approximately the propor- 
tion of accidental errors in any appropriate interval, and can be 
graphically plotted, as shown? in Fig. 2. 

The ‘‘law of error’’ is a relation between the extent of a 
deviation and the frequency with which it oceurs. Every ‘‘law 
of error’’ is a ‘‘law of frequency,’’ the converse of which is not 
always true. However, a relation between the two exists, so that, 
with sufficient data rightly selected, a ‘‘frequeney curve’’ will 
closely approximate a true ‘‘ probability curve.’’ 

The application of this method of graphic representation to 
applied metallurgy would appear to be logical, and such applieca- 
tion has proved of merit in actual practice. In applied metal- 
lurgy we are concerned with the number of successes or fail- 
ures derived under usual commercial conditions, and, therefore, 
any method which gives a tangible value of our expectancy of 
favorable or unfavorable results is certainly much more valuable, 
from a practical standpoint, than any method which may give 
us knowledge, however positive, of the qualifications of material, 
under controlled laboratory conditions only. We are more and 
more beginning to realize the inadequateness of the application 
of our laboratory tests to service results, and are looking for 
means which will tell us with what probability we will get the 
material we are searching for, adaptable to a certain engineer- 
ing purpose. This is exactly what the mathematical theory of 
probability purports to do. Probability has been defined by Ber- 


'aken from Bowley’s “Elements of Statistics.” 
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nouilli as the measure of the strength of our expectane, 
future event. Is this not precisely what the manufac 
heat-treater of steel desires to know? 
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Fig. 2 





Graphical Representation of the Mathematical Deduction of the “Law of | 








tion of one class over another. The two classes or types of steels 
may have similar specifications as derived from laboratory tests 
but their probability curves may show very different results as 
to their chances or percentages of failure and success in actual 
service under all existing commercial conditions. As an extreiue 
case, we may cite the fact that it is possible to obtain with carbon 
steel, under laboratory conditions, physical properties fully equa! 
to alloy steels, but actual experience has proved that it would 
disastrous to substitute them for service conditions, and, conse 
quently, relying on experience alone, we have let alloy steels 
capture the fields of high duty service. Experience has taug! 
us that our chances of obtaining the service results with allo) 
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ic are so much greater than with carbon steels, and similarly 


STEELS 


experience has been that with one class of alloy steels with 


nother class, irrespective of the chemical composition and physi- 
eal properties set under laboratory conditions as criteria of the 
lass. If we had for the given service correlated data over a 


yeriod of time regarding the use of carbon, and also of alloy 


steels, and plotted these data on probability curves, we would 
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Fig. 3—Probability Curve—Brinell Hardness of Fly Wheels 
January, 1924, to January, 1925—-No. of Tests 7160. 


have very soon found out that we obtained much more consistent 
results with less deviation from the standard in the case of alloy 
than of carbon steels. The probability curve would tell practi- 
cally the entire story and show what degree of certainty of suc- 
cess we may obtain in similar service from the one class or the 
ther. 

As a practical example of the clarity with which the proba- 
bility curve tells its story, we may examine Figs. 3 and 4 in 
which the Brinell hardnesses are plotted against the frequency 
number of castings in foundry practice. Fig. 3 represents fly- 
Wheels cast during a period of one year, January, 1924, to Janu- 
ary, 1925, the number of specimens tested being 7160. The curve, 
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at a glance, gives the suitability of the particular mixture 


ad (| 
practice for the 


purpose. 
In Fig. 4 is graphically represented a fly-wheel casting 


pra 
tice similar to that shown in Fig. 3. 


The tests were run in Jay 










uary, 1925, and represented determinations on 1551 pieces, | 
comparison with Fig. 3, it can be seen that the mixture and prac. 


tice represented by the fly-wheels in Fig. 4 gave more consistent) 
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Fig. 4——Probability Curve—Brinell Hardness of Fly 
January, 1925—No. of Tests 1551. 
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good results than those represented in Fig. 3. The percentay 
f rejection in Fig. 4 amounted to only about 8. 

Fig. 5 represents graphically the practice on fly-wheels dur 
ing the subsequent month of February, 1925, in the same foun 
dry. It will be seen that certain definite influences must have 
arisen, tending towards production of soft iron. Even in the 
accepted range, the characteristics of the curve are entirely dil 
ferent from that in Fig 4, and appear to form an outline com 
posed of superimposition of separate curves, as indicated by dot- 
ted lines in Fig. 4, probably indicating separate causes tending 
to produce separate effects, all culminating in the production 0! 
softer iron. 





in Figs 
of repr 
ferent § 
is the 

on the 


the pis 


and 
cater 
it is 
in @ 
subs 
as t 
tion 


im} 





xture a 
Lng pra 
Nn in Jay 
eces, By 
and pra 


NSistent}y 


reentagt 


els dur 
e foun 
st have 
in the 
ely dif 
ie com 
by dot 
tending 


tion of 













CHOICE OF FERROUS 





(PPROPRIATE MATERIALS 203 
rom a little study of the curves and Brinell numbers given 
‘n Figs. 3 to 5, 1t can readily be seen that this graphic method 
of representation gives a very different idea and tells a very dif- 
‘erent story than mere averages of the numbers would give. ‘There 
‘s the possibility that, with the same average Brinell hardness 
on the -fly-wheel operation over two different periods of time, 
the practice, and, consequently, the number of accepted castings 
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Vig. 5—Probability Curve—-Brinell Hardness of Fly Wheels 
February, 1925 No. of Tests 1837, 
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and financial returns, can be very different, without being indi 
cated in the least degree by the averages. In this connection, 
it is significant to know that the operation represented by Fig. 4 
in January and by Fig. 5 in February, had reached, during the 
subsequent month of Mareh, 1925, such proportions in rejections 
as to warrant it to be discontinued to thoroughly remedy produe- 
tion conditions. The probability curve could have foretold the 
impending ominous condition. 

What has been elucidated above, by the example of fly-wheel 
castings, is true of any other ferrous products. This method 
helps us not only in the selection of a certain composition or 
a certain class, but also helps us towards the determination of 
an adequate source for procurement of engineering materials. The 
chances with which we will get the desired service results from 
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the product are not only dependent on what we may tery 
ance of composition in melting and the sensitiveness and suse, 
tibility of the composition to adequately suffer heat and mechan 
ical treatment, but also upon the factors which may adversely 
affect the qualities of the composition during its manufactyp, 
brought about not only by the quality of the raw materials ys.) 
but also by the care or negligence and skill displayed by the pe 
sonnel during melting, casting and fabricating processes, \, 
have all puzzled over the definition of the elusive term ‘‘branq’ 
in steel practice. Undoubtedly, ‘“‘brand’’ is constituted by th 
above enumerated factors, and, if the different ‘‘brands’’ fro, 
service results on the same work were plotted on the same basis 
of reasoning as Figs. 3 to 5, it might have helped to remove gon, 
of the elusiveness and give a clearer picture of the idea ‘‘ brand.” 

Having given consideration to the question of ‘‘brand.” 
there may still be some perplexity due to the possibility of selec 
tion of different types of steel from the same source or brani. 
Further, the possibility of different heat treatments for the sam 
type may arise. The same reasoning and plotting of a large nun 
ber of actually attained results in practice on a probability cum 
will, undoubtedly, help to decide the dependence of the one ty): 
of steel or of one heat treatment over the other for the particula 
service. 


i ASS) 


il 


One great advantage of relying on the probability curve fo 
an answer in selecting source, type, and treatment of steel is thi 
fact that the curve is constructed from actual experimental or 
service data, and, therefore, comprehensively includes all possibl 
varying factors, and must, therefore, prove conclusive for futur 
practical purposes. Undoubtedly, we have already gone fa 
enough in our use and exploitation of special steels to furnis! 
sufficient data for a fair criterion of the evaluation of such steels 
and it should, undoubtedly, be our effort, in the future, to co! 
lect all data which will enable us to establish criteria for our 
materials from the ‘‘probability’’ standpoint, that is, the stand 
point of reliability in service. 

This method of graphically plotting data is applicable no! 
only to the qualifications of finished material but also to the fac 
tors governing the processes producing materials. The control 
lable physical and chemical factors in most metallurgical proc- 
esses are rather scant and the more variable and uncontrollable 
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tors are in a process the more adaptable is the probabil- 
As process naturally establishes the qualifica- 


these ta 
‘ty method to it. 
tions of the produet, a more dependable knowledge of the process 
andoubtedly tends towards improvement of the product. We 
oan, therefore, see that the ramifications of the probability method 
‘n applied metallurgy can be many and of real practical and com- 
mercial importance, and it is for this reason that this vast sub- 


‘ect matter could be dealt with here in only an introductory 


manner. 


Written Discussion:—By E. 8S. Taylerson, engineer of tests, American 
Sheet and Tin Plate Co., Pittsburgh. 

[his paper discusses a very useful method of expressing engineering data. 
In applying this method, recently, to extensive production data, we have found 
that the bell-shaped curve discussed by Messrs. Saklatwalla and Chandler is very 
weful. The actual measurements used for the abscissae and ordinates, are 
quite important, especially if we want to compare one group of data with 
inother similar group. 

We can plot a smooth bell-shaped curve only where we have a large number 
of data. Where we have fewer data, it is usually preferable to plot a step 
curve, as illustrated in Fig. 1 of the author’s paper. This step curve is easier 
to explain to a non-technical man than the bell-shaped curve. Further, if 
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Fig. A—Bell-shaped and Step Curves Plotted from Data in 
Table A of this Discussion. 


we express our ordinates as percentage of the total number of results, the 
ordinates being 100 per cent high, we can easily explain that the total area of 
the curve is equal to one strip 100 per cent high. In other words, if the test 
results of all the specimens were of the same value (the same Brinell number, 
for instance) we would have only one strip 100 per cent high. If, as is usual, 
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Fig. B—O-G Curve Plotted from Data in Table A of this Discussio1 


deviation occurs in the results, we can take that strip originally 100 pel 
long and cut it up into sections, each section representing that percentag 
the total number of results falling in that particular class. We then vet t 
step curve shown in Fig. A. (See Fig. 1).' 


sy using this scale of ordinates we are justified (provided the absciss 









are similar) in comparing various series of data. The curves all being to { 
same scale are of equal area. 

or abscissae, we can use either the actual test values (such as Brin 
hardness), or percentage deviation from the desired value. For 
we are aiming at 200 Brinell, we can figure the percentage deviation and | 
the results in percentage classes. 


instance, 
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election of the magnitude of these percentage classes is quite im 





a ' If the classes are too small or we have too few results, we get a very 
7 — rve with reentrant steps. If we increase the range of the classes 
| al fail leiatilin aalt 
- , a yoasonably smooth curve. In this respect, each specific problem de- 
— we get a reasonably st! t . | ’ | J 
nde consideration on its own merits. 
+ = —~J ll i i 














90 tp 
100 per cent fi PERCENTAGE OF TOTAL SHOTS rar rs 
i 
reent Fig. C—Data in Table A of this Discussion Plotted on Probability Paper. 
m9 Several arrangements of coordinates for the bell-shaped curve are thus 
possible : 
on We can use the actual number of tests for ordinates and actual data, 
_— ° such as Brinell numbers for abscissae, as in the author’s Fig. 3, 4, and 5. 
The area of this curve depends on the number of tests, and therefore, we are 
co B not justified in comparing different sets of data unless the number of tests 
ne IS equal, 
mal We can use percentage of the total number of tests for ordinates and 
wtual data for abscissae, as in Fig. A. If this data is expressed in arbitrary 
units, which do not have a linear relation to the property under consideration, 
the curve may be seriously distorted from the shape of a normal probability 
urve. This may be true in the case of Brinell hardness numbers, as the Brinell 
f Total Hit * number does not of necessity bear a simple linear relation to the actual 
ons » ‘‘bhardness,’’ provided that ‘‘hardness’’ can be definitely defined. 
vs ; We can go a step further and use, as above, the percentage of total tests 
for ordinates and percentage deviation for abscissae. The percentage deviation 
> , an be either from the mean or preferably from the particular value desired. 
ae \nother type of curve, preferred by some, is a curve of the O-G type, 
19.07 shown in Fig. B, which is plotted from the same data as Fig. A. We use 


100 divisions, representing percentage as abscissae, and any convenient ordin- 


ite scale. It is necessary to figure the number of tests in cumulative percent- 
ige distribution for this type of curve, as in columns 4 and 8 of the table, 
which is also necessary if ‘‘ probability paper’’ is used, as discussed later. 


lf there were no variation whatever the O-G curve would be a horizontal 
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straight line. 


from the normal. 
Where we intend solely to present the data to technical r 


simpler to use an especially ruled coordinate paper, (invented by Al} 
known as probability 


axis. Referring to Fig. C 


The probability law is mathematical, and does not consider the perso 
equation which enters into all manufacturing processes. 


Many industrial investigations yield data which seem hopelessly ineo 
sistent. If instead 


often be drawn. 


Any of the three methods of plotting, shown in Figs. A, B and | 
employed, the choice largely depending on the particular use to be mad 


the diagrams. 


Of the many 


penents. 


service 


*See Haskell’s 
probability paper. 


TRANSACTIONS OF THE A. 





The shaded areas in Fig. B represent iphically th, 


is figured 
probability curve given in the authors’ paper. 
form in Fig. C. Any straight line ruled across it will represent r, 
tributed according to this normal probability curve. 
the line approaches the horizontal. 
proaches the vertical. 


If the deviatio: 
As the deviation increases this lin, 
The graduations are symmetrical about the 50 
it will be noticed that we have a wide oy 
at the ends of the figure and a closely compressed scale in the center 
method of plotting is particularly useful when one has very few data 
liminary idea of the probable deviation can be obtained from th 
trend of the line. 


Thus in plotting dat 
by this method it is usually found that points deviate from the straight 
at each end of the diagram. 


These deviations are of great interest fron 
production standpoint.’ 


discarding these results they were studied by th 
statistical method, it is believed that exceptionally useful conclusions ¢o 


‘*deviation measures’’ mentioned 
easiest to figure is the average deviation from the normal. 
true if tabulating machines are used for compiling the data. 


punched and sorted electrically into classes. 


discussion, the 
This is espe 
The cards ar 
After tabulation 
deviation from the normal is easily figured from the tabulating machine totals 
by dividing them by the number of cards involved. 


Written Discussion: Vanick, The International Nickel Co., 


In this discussion of error, probability, laboratory and service tests, it is not 
unlikely that the picture may be distorted by the inter-relation of its com 
Perhaps a quick and easy classification would consist of grouping 
the laws of error with the laboratory, and the laws of probability with 
In these groupings the 


advance largely involves the laws of probability or chance rather than those 
of error or observation. 


conditions. discussion which 


One method concentrates upon the material; the 
second upon the part or object under test. 

[ do not agree on one point, as stated, that laboratory tests are il 
adequate for the prediction of the application of a metal to a certain engi 
neering purpose. More often it is the inapplicability of the test to 


Graphic Charts in Business, Chapter XVII, for a _ fuller 
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alia at issue, or the misinterpretation of test results that destroy the 
aad bility. In most metallurgical developments the laboratory tests precede 
= oplic ation of the metal to service, and subsequently, frequent laboratory 
ole / aintain the quality of the product specified. While laboratory data are 


wot wholly adequate to establish the service record of a material, they go far 
foward predicting its ‘‘probable’’ behavior if the stresses encountered are not 
tog involved or complex. Commercial or service applications usually involve 
compound events, each of which introduces its special element of chance, 
while controlled laboratory conditions serve to eliminate the chances. Lab- 
oratory results are only applicable to service results as long as they duplicate 
the conditions of service. A laboratory investigation of the properties of a 
material is therefore confined to those factors which are fundamental or pre 
‘ominant in the commercial application. There are well-known and well 
understood relations between the classified data of the laboratory and the 
simple stresses encountered in service. These relations can be correlated and 
the probable merit of the material predicted. This prediction naturally 
precedes the evaluation of the ultimate service record. 

In metallurgical developments, the service test must remain an individual 
method, adaptable only to the survey of a specific object with its design and 

method of test’’ or other service conditions introducing compound variables 
vhich are absent in the laboratory test specimen. Thus, the service test speaks 
in isolated tongue and its probability curve will serve to supplement 
the laboratory test in improving the record of a material which has 
ilready been chosen, while the laboratory test, under standardized and 
closely controlled conditions, makes the test results speak a universal language 
for the material under test. A good example of this fact appears in the 
uithors’ data eiting the ‘‘ probability curve’’ of successful castings against the 
Brinell hardness test. 

The relation of materials to their service records is undoubtedly kept ‘‘ in 
mind’? by manufacturers and consumers, if not in the form of graphs or 
mathematical curves. The interesting ‘‘ probability curve’’ methods which the 
iuthors describe should be recommended where careful records of the develop- 
ment of some special object are necessary for its improvement. 

Written Discussion:—By Karl Daeves, Duesseldorf, Germany. 

The paper of Saklatwalla and Chandler refers to a research method which 


as if 
represents the application of the ‘‘law of large numbers’’ to the field of 


in Germany we call ‘‘Grosszahlforschung’’ (large number research), 


industrial research. It is in use at the research departments and laboratories 
and has replaced to a large extent the hitherto prevailing methods, which are 
more adapted to the purposes of abstract science. 

In completion and in addition to the valuable examples given by Saklat 
walla and Chandler a few more applications of an interesting feature may be 
cited in the following: 

The frequency eurves given by Saklatwalla and Chandler in Figs. 3 and 

do not only show the accommodation of production to the required econdi- 
tions, as the authors claim for, but also elucidate that the range Brinell No. 
149-196 is too small for the process of manufacture. Assumed further, a steel 
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consumer would demand other ranges besides that mentioned above. 
No. 158-187, we would be able, when using such curves as shown jy 
1, to deduct immediately from the ratio of the areas abed + efgh to the | 
area of the old frequency curve acdghf, how much higher the percentag, : 
rejected parts will be and consequently how much higher the price is ¢, | 
fixed. Thus the correlation between tolerance and price often searched | 
is given at once. 

Experiments have frequently been made to calculate the values of 
of steel from the analysis of such steel. The results, however, are wijoh 
divergent. The large number research uses the following methods: 
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Fig. 1—Calculation of Prices when New Tolerances are Given. 











Of a large number of steels containing 0.06-0.15 per cent carbon the va 
of strength have been plotted into a coordinating diagram according to t! 
frequency with which they occur. By doing so a frequency curve of 
strength of steels with an average carbon content of 0.1 per cent has bee 
obtained. In the same way another group of steels containing 0.16 to () 
per cent carbon—showing an average carbon content of about 0.2 per cent, 
been plotted, and so on. The maxima of these curves represent the values ot 
strength to be normally expected for the respective carbon contents. 

If these standard values of strength are then plotted in a diagram against 
the carbon content, we obtain the function between carbon content and 
strength, normally found as shown in the Fig. 2 of this discussion. The two 
dotted curves represent the variations or ‘‘errors’’ highly deviating here, 


owing in that particular case to the large number of different plants having 
furnished the steels. 









tluen 


repre 










Man 


inch 


With this evaluation the other chemical components could be neglected 
because the number of tests evaluated has been so large that in each curv 
rather the same number of test pieces containing more and less manganese, 
much and little phosphorus, sulphur, ete., have been found. All the other 
ponents with exception of carbon are therefore distributed at random and tl 
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' e: Ir orrelation is valid for a normal content of elements generally concurring with 
Wn in Fig the different earbon content, For the practician, however, this very correlation 
eles ‘; much more important than perhaps the influence of increasing carbon 
tage of t content upon the strength of chemically pure iron. 
P bie if we are investigating the influence of manganese, phosphorus or sulphur 
Tehed { on the strength, we only must trace frequency curves with different manganese 
-ontents ete., by using the same data. In these cases the carbon is then distri- 

OF strengt buted at random in the same manner as the other components and only the in- 
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-_ e Fig. 2—Normal Influence of Carbon Content on the Ultimate 
values of Strength of Open-Hearth Steel. 
fluence of the manganese content become distinctly visible. Those results are 
- ae represented in Fig. 3 of this discussion, It will be seen that 0.1 per cent of 
“nn - manganese increases the ultimate strength for about 1700 pounds per square 
— inch, 
ing her 


lt is evident that with this method we are also able to find the influence 
{ the casting and rolling temperatures or of any other factor on the strength of 
the final product, or to determine the percentage of rejections. Such an ex- 
ample is given in Fig. 4 of this discussion. It will be seen how failures are 
(ecreasing with increasing rolling temperature. It should, however, be stated, 
that the points of all these curves are derived from the frequency curves the 
maxima of which these points are representing. 


The large number research is a method of making evident in figures the 
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Fig. 4—Influence of the Rolling Temperature on the 
Percentage of Failed Pipes, 


°C 


always highly appreciated experience. It: should be applied, as all statistical 
work, only by men who are very intimate with the working methods to b 
examined, otherwise they will come to false conclusions concerning cause and 
effect. 

On the other hand it is the very feature and a practical advantage of tl 
large number research that it tries not so much to find out the causes of fail 
ures and unsatisfactory results but rather the remedies. I have often pet 
ceived by means of the large number research that for instance higher casting 
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has a favorable influence on the final product, without having 

to find in the moment the reason for that phenomenon, Subse 
structions have been given to east at higher temperatures and 
same successful results have been obtained, although the theoretical 

that facet was discovered only later or not at all. In that way | 

n finding the most favorable conditions for all working methods ex 

| | was able to minimize the rejections (defects on seamless tubes, 

d bad surface of tin plates, manufacture of well weldable material 

(his evaluation method too is an identical feature of both the large 
search and experience. Very often science has fought against old 
based on experience and later, when the progress in scientific re 
proved the essential point of that rule to be true, science has 

ced to acknowledge the truth of those rules (weather forecast rules, 
power of certain herbs and substances, miracles and suggestion). 

He who is constantly working with the law of large numbers will here 
in find, that finally experience and not theory is right. The only fault 
ommit is, that they apply experience mostly too sensibly and, betrayed 
imaginations although right in themselves, generalize too much. With 
large number research experience is working together with the exactitude 
mathematical prineiples; it does not at all rank below pure scientific 
iis concerning reliability and besides that it has the great advantage 
direct applicability on practice which is mostly not a striking feature with 


eriments made on a laboratory seale. No doubt the large number re 


earch will therefore prove more and more a valuable aid in industrial research. 


It may be added that I have published a proposal of applying that method 
ndustrial research first in April 1922." 

\ detailed summary is published in the report No. 43 of the 16th of April 
{ of the Sub-Committee on Materials of the Verein deutscher FEisenhiit 


t 


uleute; an American publication is to be found in ‘‘ Testing’’, Vol. 1 (1924) 


‘The Utilization of Statistics’’ 


Discussion—Some Factors Affecting Coercive Force and Residual] 
Induction of Some Magnet Steels. 
(Continued from Page 1914) 
hing to restore spoiled magnet steel, we may state that the effects ob 
ued vary to some extent with the composition. The lower chromium eteels 
to respond more readily than the higher ones and may be restored to or 


ily their as rolled values. It is our experience that the maximum effect is 


tamed at 1800 degrees Fahr. or slightly above. We have not found any 


intage in air quenching from temperatures above this up to 2200 degrees 
We have not been able to restore the higher chromium steels to their as 


ed values by air quenching up to 2200 degrees Fahr. 


Our experience with tungsten steels is confined to Table XVI. How 


he use of air quenching from a temperature of 1800 degrees Fahr., or 


tty 


ibove, to partially restore spoiled magnet steel is a risky procedure 


‘rom the operating point of view in the commercial production of magnet 


{f the Committees of the Verein deutscher Ejisenhiittenleute, report of the Sub 
n Materials No. 18, April 18, 1922 




















































THE CARBON CONTENT OF PEARLITE IN IRON-CARRoy 
ALLOYS CONTAINING ONE PER CENT SILICON 


i 


By ANSON Hayes AND H. U. WAKEFIELD 


Abstract 


The authors review a modification of the diagram 
for pure tron-carbon alloys, which was constructed to 
conform to experimental data for malleable white iron 
composition. The carbon concentration of point C had 
not previously been determined. The authors have ol 
tained a value for the carbon content of this point and 
the principal object of this paper is to report the find 
ings of the investigation. 













S a result of an investigation of the graphitizing properties 
of iron-earbon alloys of white iron composition, with whieh 
one of the authors has been engaged for the past four years, 
modification of the diagram for pure iron-carbon alloys was re 
cently published.'* 

This modified diagram is shown in Fig. 1. 
to conform to such experimental data as 
time. 


It was constructed 
was available at that 
For convenience the sources of the experimental work will 
be repeated here. For the temperatures of points J and (, the 
extrapolation values of Hayes, Flanders and Moore’ were used. 
They are 771 degrees Cent. and 759 degrees Cent. respectively. 
The equilibrium carbon concentration at point J was taken from 
Sechwartz* as 0.57 per cent. 

The carbon concentration of point C had not been determine! 
at the time Bulletin 71 of the Engineering Experiment Station was 
issued. 










*Anson Hayes, W. J. Diederichs, and H. E. Flanders, Bulletin 71, Engineering Experiment 
Station, Iowa State College (1924). 





“Also, Preprint No, 427, American Foundrymen’s Association, October 11, 1924. 






®TRANSACTIONS, American Society for Steel Treating, Vol. 5, p. 183 (1924). 













‘Schwartz, Payne, Gorton and Austin, Conditions of Stable Equilibrium in Iron Ca 
Alloys, Transactions, American Institute of Mining and Metallurgical Engineers, 68, 916 












A paper presented before the Cleveland Convention of the Society, Sel 
tember, 1925. Dr. Anson Hayes is professor of physical chemistry an! 
metallography, Iowa State College, Ames, Iowa. H. U. Wakefield is associated 
with Dr. Hayes. 
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What is believed to be a good value for the carbon content 
this point has since been obtained and the principal object 
this paper is to report the findings in this investigation. 

The intersection of the A, line with the temperature axis 

vas taken at 900 degrees Cent. This is in accordance with the 
observations of Gonterman,> in which he states, ‘‘In Osmonds 


Seto Sorvrion + FeyC 
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Constitutional Diagram for Iron-Carbon Alloys of White Cast Iron Composition. 


1.0 les s 


Caraon FraecenTaAce 


iron-silicon) alloys the temperature of transformation from 
vamma to beta iron was almost independent of the silicon per- 


centage. ’’ 


With those presented by Yensen,® in which the iron-silicon 
diagram shows only a slight rise in the gamma to beta transfor- 
mation even up to 8 per cent silicon and also with the statement 
of Charpy and Cornu-Thenard,’ ‘‘The authors are able to con- 
firm as different observers have pointed out that the A, point 
rapidly decreases (in intensity) when the percentage of silicon 


rises, 


at the same time rising slightly on the temperature scale.”’ 
terman, Journal, Iron and Steel Institute, No. 1, p. 432 (1911). 
ngineering Experiment Station, Bulletin No. 83, University of Illinois, p. 16. 


urnal, Iron and Steel Institute, No. 1, p. 301 (1915). 
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The A, line was then drawn through the point wh, 
ordinates are 0.57 per cent carbon and 771 degrees Cent. | 






Was 
then extended through J until the temperature corresponding 


759 degrees Cent. was reached. This value was that 
by Hayes, Flanders and Moore.‘ 







ODtained 


This method gives a value of 0.64 per cent for the earhop 
content of point C, i. e. of pearlite. This projection of +h, 
straight line to point C was made possible by the work of Scott 
which places the A, line at 761 degrees Cent. in an iron carbo 
alloy containing 1 per cent silicon. This is only 2 degrees (Cent 
grade above A, metastable, as stated above. 

The rather interesting fact that point J (the iron-carhoy 
eutectoid) falls nearly on the A, line of the pure iron-carho 
diagram was noticed at the time the work published under refer 
ence (3) was completed. The method just given for locating 
point C, of course, places it on this same A, line. 

The value for the carbon content of pearlite in a one per cent 
silicon alloy obtained in the present investigation, when used wit! 
the temperature value 759 degrees Cent. for a 1 per cent silicon alloy, 
proves to be in satisfactory agreement with this manner of draw 
ing the A, line. That is, both points J and C (A, stable and A 
metastable) oceur very nearly upon the same A, line. 















Note: (While it was possible to predict that points J and | 
would be very nearly on the same straight line, A, being 
so near A, metastable, it is considered rather an accident 
that the A, line for the pure iron-carbon system and that 


for a 1 per cent silicon alloy would have the same slop: 
and thus coincide.) 








This may be considered strong evidence that the solid solu 
tion formed from carbon and that from iron-carbide are the sam 
They probably differ only in the concentration of dissolved ca! 
bon which represents austenite saturated with carbon from car 
bon in one ease, and carbon from the metastable body iron-carbid 
in the other. It may be possible that all of the dissolved carbon 
is not in the same form. There may be various forms of th 
dissolved substance in solution, as is the ease in liquid solution 
If such is the case, an equilibrium between the various forms 
probably exists. Whether one form exists or whether two or mor 
forms of dissolved carbon are in equilibrium, it is to be ex 











Chemical and Metallurgical Engineering, 28, 212 (1923). 
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CARBON CONTENT OF PEARLITE 217 
aeted that beta iron will separate where the carbon solubility 
a ‘rom carbon intersects the A, line for a 1 per cent silicon al- 
joy. Furthermore, alpha iron should separate from the solid solu- 
| here the Aem line intersects the A, line. Since the A, 

‘< « near the temperature of A,, this places both A, stable 


Structure of Alloy Investigated. Magnification 


and A, metastable on essentially the same straight line drawn 


from 900 degrees Cent. and zero carbon concentration. 

There probably is considerable doubt as to whether the point 
A of Fig. 1 should be above or below the solidification tempera- 
ture for austenite in equilibrium with cementite. In any case 
iis exact location is not known. It was placed below the solidifi- 
‘ation temperature of these two bodies in conformity with the 
conclusions of Honda,’® that iron-ecarbide is stable immediately 
velow its solidification temperature. 


The line AJ was obtained by drawing a smooth curve through 
the lowest solubility values given by Schwartz. The line AC was 


Report, Tohoku Imperial University, Ist Series, No. 11, p. 119 (1922). 
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drawn to connect A and C and to fall to the right of a|) value 
obtained by Schwartz. Its experimental determination fro, y 
ubility studies would offer grave experimental difficulties 

















METHOD OF DETERMINING 





CARBON CONTENT OF PEARLITE \s 
FUNCTION OF THE SILICON CONTENT 


\ 


The chief assumption made as a basis for the determinatiy 
is that the fraction of the area of the cross-section covered }) 
pearlite in an alloy of any particular silicon content is prop é 
tional to the combined carbon content. 











Percent Carbon in Pearle 











04 Qe 


Percent Silicon 


1.0 





Fig. 3—Carbon content of Pearlite for varying amounts of Carbon and Sil 















Alloys of varying silicon content and containing combined 
carbon of such a value as to produce sufficient pearlite to cover 
from 30 to 60 per cent of the cross-sectional area were made Up 
The areas of ferrite and pearlite were then carefully measured. 
The samples were then milled up and determinations for carbon and 
silicon were made. 

The carbon content of pearlite was then calculated by divid 
ing the combined carbon content by the fraction of the area cov- 
ered by pearlite. The per cent of carbon in pearlite thus o- 
tained was then plotted against the silicon content. By draw- 
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valn ae io a st ooth eurve through the points so obtained, values of the 
CLUPS im ¢ _ , 
from « carbon content of pearlite for any silicon content within the range 
es of this ‘nvestigation may be interpolated. This is shown in Fig. 3. 
Table I 
TE AS 4 Data for Relative Areas of Pearlite and Ferrite for Alloy No. 1 
Soction No. Area as Counted: 
Pearlite Kerrite Spots Total 
alin 53.5 45.0 2.0 
rMinatio) ~ Ss 
” 43.5 53.0 0.5 
vered by 37.0 62.5 1.0 
> propor 38.0 62.5 1.5 
50.5 47.0 2.0 
MEAN $4.50 54.0 1.4 99.9 
t] 19.0 54.0 0.5 
52.5 17.0 1.0 
$1.5 58.5 0.0 
34.0 64.5 » 
3.0 07.0 1.0 
MEAN 14.0 56.2 0.8 101.0 
ILI 37.5 66.5 0.0 
48.0) 47.0 1.0 
13.0 54.0 0.5 
49.5 51.0 1.5 
15.0 54.5 0.0 
MEAN 14.6 54.6 0.6 99.8 
L\ 66.0 53.5 0.0 
1.0 58.0 2.0 
19.5 19.0 0.0 
15.0 5?.0 0.0 
38.5 59.0 3.0 
> ae MEAN t8.0 00.3 1.1 99.4 
ombined 
TO cover e MEAN OF ALL 
VALUES 45.30 53.77 98 100.02 
mae up 


Considering only pearlite and ferrite, part of area covered by each: 
Pearlite 45.67% 


and ' . KA O07 
bon and : errite 54.339 


easured. 


y divid (he alloys were made by melting in a magnesite crucible 
rea COv- ; armco iron to which had been added the necessary quantities of 
hus ob- pure graphite and ferrosilicon. They were allowed to cool in the 


+ divaw.- ‘urnace at such a rate that well defined pearlite was formed. An 
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effort was made to use the same rates of cooling for th, 














alloys since it was thought that the carbon content of 
might vary somewhat with the rates of cooling. Slugs 
about one hundred grams were made. 


Table II 





Data for Relative Areas of Pearlite and Ferrite for Alloy No. 


) 


Section No. Area as Counted: 
Pearlite lerrite Spots Tota ; 
| 12.0 60.0 4.5 






















12. 60. 


60. 





MEAN t1.4 50.0 2.6 99.5 
MEAN OF ALL 
VALUES £1.56 56.88 2.79 LO1.19 






Considering only pearlite and ferrite, part of area covered by eac! 
Pearlite 42.22% 


Ferrite 57.78% 


















These were sawed apart at four places and four of thi 
exposed faces were measured. The areas of pearlite, ferrite. 
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ions nd spots were measured on five fields chosen at random on 
earlit anv face, and the mean value was obtained. 

hn if the sample showed lack of uniformity in its structure, 


other was prepared. Tables I and II give typical data re- 
silting from such measurements. In Table III is shown the re- 


Table III 


; Data for the Alloys Used to Determine the Carbon Content of Pearlite 
for Varying Amounts of Carbon and Silicon 


Carbon Con 


No. of Pearlite Ferrite Combined Graphitie Silicon tent of 
Alloy Carbon Carbon Pearlite 
| 15.67% 54.33% O.38895% No evi None 0.853% 


dence of 
any 
65.29% 34.71% 0.4709% Trace O.710% 0.7213% 
Less than 
12.22% 57.78% 0.289% 0.004% 0.789% 0.6845% 


ae oF ead Pee > 
} 70.68% 29.32% 0.468% 0.013% 1.113% 0.662194 


structure at the magnification used. The data of Table III is 
plotted in Fig. 3. 


sults for the four alloys investigated. Fig. 2 shows a typical 


Interpolation on this graph gives 0.669 per cent for the carbon 
content of pearlite for an alloy containing 1 per cent silicon. 

The agreement is well within the experimental error for the 
location of point C on the diagram of Fig. 1. 


Discussion 


R. S. ARCHER:—This diagram is based on the assumption that the iron 
irbon system may be regarded as existing in two forms, the stable, or the 


iron-graphite system, and the metastable, or iron-cementite system. This is 


the common assumption and is also the assumption upon which is based the 
\. 8. S. 'T. data sheet on the iron-earbon diagram. 
We should not overlook, however, that it is still an assumption. As 


Schwartz pointed out in his paper the other day, pure iron-carbon alloys are 
13 a os) : ae : 

difficult to graphitize and perhaps will not graphitize at all, and it may be that 
in systems involving graphite we are dealing with more than iron and carbon,— 


it may be that silicon or some other element is an essential part of that system, 
wna + 


AM 


herefore, that the fundamental assumptions involved in this discussion 
‘y need some change. But for the present, until something positive is 


"ta lemo a 4 . ° ° ° 
ferrite, ‘emonstrated along that line, I think we can proceed on this basis and regard 


7 { m« 
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the system as existing in the two forms, the stable and the metas 
The present authors have assumed that the A, point of an ij 
alloy containing one per cent silicon is unchanged, that it occurs at ¢| 







temperature as the A, point in pure iron, at about 900 degrees Cen 
quote a number of references in support of this assumption. I think thor, 
considerable evidence of a quite positive nature to the effect that silicon dog, 
itely raises the A, point in pure iron, 


. 







I think perhaps Mr. Ruder has as oo 
I think he has traced the A, point in 
silicon alloys of very low carbon content until it disappears, and | think 
only takes a few per cent of silicon to push A, clear up into the delta jy 
range. I do not know just what the increase would be for one per cent sil; 

but [ think it would be substantial,—enough to take account of in the diagray 





evidence on the subject as any. 


rey 
ire 









Secondly, | was interested to note that the present author has retained ¢) 


designation ‘‘ beta iron’’ in drawing his diagram. Now, of course, whethe 


call iron in this temperature range beta iron or alpha iron is a matter of ¢| 






it depends on what we wish to consider an allotropie change. I have ¢q 
sidered that even though there are definite discontinuities in iron at 





thy \ 
temperature, and that even though these discontinuities may seem suflicient | 


some people to justify calling iron above A, beta iron and below A 














25 Alpha iro 
nevertheless, whatever these changes are, they are not changes in phase, th 
are changes taking place within a body-centered crystal of the substance 


know as alpha iron, and the constitution diagram represents phase chai 


only, | omitted the A, line from the diagram, and do not see the justificatio: 
for referring to this constituent as beta iron in the present case. 1 would lik 
to hear the author’s comments and reasons on that point. 

Another point concerns experimental procedure in determination of 


carbon content of the eutectoid in these steels. The author has made sma 


melts of iron-silicon-carbon alloys, allowed these melts to cool in a erwil 
presumably at rates which were nearly the same in all cases, and which we 
fairly slow. 





He has then taken the carbon content of the eutectoid from t 
apparent areas of pearlite and ferrite. 





It has been pointed out before—| 
refer especially to Dr. Krivobok’s work as given in his paper at the last am 






convention—that the apparent carbon concentration of the eutectoid differ 
markedly according to the rate of cooling. I think Dr. Krivobok found t! 

steel containing as low as five-tenths per cent carbon, straight carbon steel, 
could be obtained in the pearlitic condition with little or no free ferrite, simp!) 
by increasing the cooling rate. 








And while the work reported in this paper ma) 
be entirely accurate and reliable, it would seem to be suggested that different 
rates of cooling be adopted and the results extrapolated to zero rate in orde! 
to eliminate this rate effect. 









Written Discussion:—By H. A. Schwartz, National Malleable and Stee! 
Castings Co., Cleveland 

The present paper is most weleome as a source of information 

a subject but imperfectly developed in the literature. The writer has 

oceasion to study the subject for somewhat the same purpose as the authors, 


7 


j 


up 
had 





and it may be of interest to record here some observations calculated to 
extend the field a little further. 
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rig. 3 of the authors’ paper leads to the conclusion that within the 
limits of composition considered, silicon replaces about one-fifth of its own 
weg! 


n indefinite increase in silicon content. Thus, Honda and Murakami’ show 
an i }d@C@ui 


t+ of carbon in pearlite. This relation is not, however, applicable with 


that at 2.14 per cent silicon, an alloy containing 0.46 per cent carbon is 
strongly hypoeutectoid, and at 2.26 per cent silicon, one containing 0.78 per 
_ cent earbon is strongly hypereutectoid. The writer estimated from their 
PN itor micrographs, that the pearlite carbon would be of the order of magnitude 
a of 0.65 per cent, while an extrapolation from Hayes’ and Wakefield’s data 
sp would point to about 0.40 per cent carbon. 


a \ specimen of steel prepared in this laboratory by Meacham,’ containing 
Magran 59 per cent earbon and 4.30 per cent silicon was very slightly hyper- 
ine eutectoid. 
hether These facts in no wise invalidate the conclusions of the authors, but 
ai noint to the faet that the eurve correlating silicon and carbon in pearlite, 
—— bas a discontinuity of direction, presumably at the silicon concentration at 
: une 2 which A, and A, coincide. 
a The writer made the assumptions :— 
pia 
ase, th 1. That the presence of silicon would not alter the effect of 
Tanne a unit of carbon on A, or Ay_s;3 
changes 2. That at 4.00 per cent silicon, the eutectoid carbon content 
stifieatioy F is 0.60 per cent; 
rould lik 3. That silicon free pearlite contained 0.92 per cent carbon; 
4. That A, may be calculated as being (707 + 28 4 X Si%) 
n of degrees Cent., which represents the mean of collected data by six 
ide s independent observers, and well over 150 individual determinations ; 
erucil 5. That A, is represented by (790 — 15 X Si%) degrees Cent.° 
i " From these assumptions, the location of the metastable eutectoid in tem 
os ' perature, and earbon and silicon concentration was determined, as the in- 
i tersection with the A, plane of either the A, or A,., planes, depending upon 
a differs | whether A, fell above or below A,. 
yund that The methods were those usual in descriptive geometry, and the result 
is shown in Fig. 1, in which the Hayes data are shown for comparison. It 
a “tie will be noted that while the determinations fall uniformly below the reason- 
; : . is ' ing, the agreement is, perhaps, as close as was to be expected. 
es Quite eminent authorities have in the past been unable to agree as to 
eee | the precise location of the eutectoid in the binary alloy in the range between 
U.85 per cent earbon and 0.92 per cent carbon, a decision being probably 
beyond the range of precision of the available experimental methods. Thus, 
1 Steel lor instance, it is not positively proven that the carbon content of pearlite 
; ‘“On the Structural Constitution of Iron-Carbon-Silicon Alloys,’ Science Reports cf Tohoku 
on up? Imperial University, Sendai, Japan, Vol. XII, No. 3. 
fo *“Effect of Silicon on the Therma) Critical Points of Steel,”” Transactions of the Ameri 
authors, n Society for Steel Treating, Vol. 4, 1923, p. 635. 
ilated to 


. *Murikami and Honda, loc. cit. and “On the Equilibrium Diagram of Iron-Silicon System,” 


: ro Murakami, Science Reports of Tohoku Imperial University, Sendai, Japan, Vol. X, 
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in quite low carbon material is not lower than in higher carbon hyp; 
steels, nor that ferrite is absolutely carbon free. 















In Fig. 2 is shown a photomicrograph of a malleable casting, 


ind 11 the 


ent, tl en 


sulle amot 
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Oo 40 20 
Percent? Silicon 












Fig. 1—A-Line and Points, After Hayes and Wakefield. 
B-Line Estimated by Schwartz. C from Slightly Hyper 
eutectoid Malleable Iron Specimen of Pearlitic Matrix, 
D Estimated After Honda and Murakami, E Meacham’s 
Steel Slightly Hypereutectoid. F from Somewhat Hyper- 
2utectoid Malleable Iron Specimen. 









as to be almost exactly of eutectoid matrix, though a little ferrite is pres 
ent, as well as traces of proeutectoid cementite. It contains: 





















Per Cent 





Manganese 0.26 
Silicon 0.82 
Sulphur 0.040 
Phosphorus 0.144+ 
Total Carbon 2.25 
Graphitic Carbon 1.41 


Combined Carbon (by color) 0.82 








Malleable 
which points to a carbon concentration in the eutectoid under 0.83 per cent n Dilute 
in the presence of 0.82 per cent silicon. This point, also, is entered in Of 
Fig. 1. himself 

In Fig. 3 is shown a photomicrograph of a somewhat similar unde! sohenad 
annealed malleable iron, containing actual 
Per Cent per cen 
Manganese 0.32 ow it. 
Silicon 0.89 Pe 

Sulphur 0.033 
Phosphorus 0.149 tee 


Combined Carbon 0.67 
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ectoid . _ considerable areas of ferrite are found, and no cementite exists, 
rt being, therefore, distinctly hypoeutectoid. This point will be found 

O0led : ; ted in Fig. 1, very near Hayes’ and Wakefield’s points. 
(+ follows from the preceding, that above say 2.00 per cent silicon, 


ss, silicon does not reduce the carbon content of pearlite appre 


nossivly té 
, ~ Now, A, can rise with increasing silicon from two causes, the de 
-oyse of carbon in the eutectoid which it produces, and the increase in A, 
| produces, per se. If now, A, increases with increasing silicon up 
to say 4 or 5 per cent, as shown by Meacham, loc. cit., and many others, 


‘f the earbon content of the eutectoid does not change above 2.00 per 


ind 


then as silicon rises from 2.00 to 4.00 per cent, A, must rise by the 


ime amount as Biss 
(he assumption of Hayes and Wakefield, that silicon has but little 
effect on A, is not shared by the writer for the following reasons: 


is pres 





hig. 2—Underannealed Malleable Iron Having 0.83 Per Cent Combined Carbon. Pearlite, 
Ferrite and Cementite Matrix. Etched in Dilute Nitric Acid. 100X. Fig. 3—-Underannealed 
2 Malleable Iron Having 0.67 Per Cent Combined Carbon. Ferrite and Pearlite Matrix. Etched 
er cen n Dilute Nitrie Acid. 100X. 





ered 10 . . : 
Of the references quoted by the authors, Gontermann did not concern 


umself in detail with A,;; Yensen* merely quotes Gontermann without cor- 
roboration; and while Charpy and Cornu-Thenard are correctly quoted, their 
actual observations showed a rise of 35 to 50 degrees Cent. in A, for 1.00 


per cent inerease in silicon, up to the limit where they could no longer fol 
low it. 


under 


Personal communications to the writer, one from an observer of out- 


"Magnetic and Other Properties of Iron-Silicon Alloys Melted in Vacuo,” Trygve D. Yensen, 
f Illinois, Bulletin No. 83, Engineering Experiment Station 
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standing reputation, have stated that 1.00 per cent of silicon raj 


about 100 degrees Cent. Furthermore, the Gontermann-Yensen 4 


uagram, + 







which the authors refer, is now known to be wrong in principle. The \ 
line ascending, merges with the A, line descending, instead of r ning | 
toward a eutectoid solidus or a line parallel thereto. This suggestioy. _ 
haps, first publicly made by Oberhoffer, and enlarged upon by Weyer. 















quires a rise in A, of about 135 degrees Cent. per 1.00 per cent silicon 
The problem of the effect of silicon on the alpha (beta) gammia { 
formation is inherently ill suited to thermal investigation, and wil! 


rans 


proba 
} adly 
be solved only by the methods of radio spectrometry, or, perhaps, | 


"y mag 
netic analysis or determinations of thermal electromotive force. 


So far 


the writer is aware, no experimenter who was able to observe A 


In the 
presence of silicon at all, has failed to find it above 900 degrees Cent. 





l 





9. Cert 


Jem. in De 


GO O2SFS aS50 
Percen?! Carbon 


Fig. 4—A-Line is Ag g Line, After Carpenter and 
Kealing. B-Line is Ao g Line, After Howe and Levy. 
Open Circles, After Hayes and Wakefield Calculating 
Ai by Formula of Schwartz. Solid Circles Schwartz 
Data. 













failed to note a rise in A, with 
nitude of this increase, we are, 


As to the mag 
conclusion. Thi 
direction between A, and A 
may possibly be a reason why they find the postulate, that A, in 
iron-silicon alloys is nearly constant, as concordant with their data. 
In Fig. 4 the writer has drawn the A,., lines of the binary iron-carbo 
system according to Carpenter and Kealing,’ and Howe and Levy.’ Assum 
ing the equation A, = (707 + 28 \% Si) degrees Cent., the 4 points of 
Hayes and Wakefield have been inserted for comparison. The 
and Kealing data are from cooling curves, and hence, are theoretically not 
too high. Unfortunately, the writer has been unable to inform himself as to 
whether this is true also of Howe and Levy. In any event, the results 0! 
the present authors are at least approximately in accord with the assum| 


increasing silicon content. 


as yet, unable to form a 
difference in 





authors disregard the 






whiel 







binary 







Carpenter 








Zur Allotropie des Eisens,’’ Wever, Stahl und Eisen, July 9, 1925, p. 1208. 


*“The Range of Solidification and Critical Ranges of Iron-Carbon Alloys,’’ Journal of U 
Iron and Steel Institute, 1901. I. 224 (British). 


"Fig. 23 and accompanying references, ‘“‘Metallography of Steel and Cast [ror H. M 
Howe. 
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\... is not much affected by silicon content, and furnish 
rding the locus of Aj. 
mstancy of A, tempt one into the speculation whether this is 
sion of the resultant of the ecpposite effects of silicon on A. and 
etively. Having in mind the fact that the carbon content of silicon 
me pearlite, as obtained by Hayes and Wakefield, corroborates the lowest 
recepted value, it seems likely that the true values in the presence of silicon 
vill be very nearly as reported by them, but possibly a little higher. 

The authors’ data show that in the metastable eutectoid, two atoms 
of silicon replace one of carbon, very nearly. The writer and co-workers* 
have shown that the ternary stable eutectoid ceases to exist at above 3.75 
yer cent silicon, which corresponds to a very similar quantitative effect of 
silicon in the two eases. In the same publication, it was shown that in 
the pseudo martensitic areas, which finally become pearlite, the carbon con 
centration approached a value somewhat above 0.60 per cent in the pres- 
ence of 1.00 per cent silicon, thus confirming the authors to some extent. 

Wark® showed that the binary stable euctectoid contained 0.86 per cent 
irbon, closely confirming the authors, and Ruer and LIljin” showed the 
stable binary eutectoid to contain 06.72 per cent carbon. There is here a 
lifference of 0.14 per cent, while the authors’ value of 0.669 per cent at 

) per cent silicon compared with the writer’s 0.57 per cent in the stable 
eutectoid shows a difference of only 0.07. If the effect of silicon is nearly 
the same in both systems, then there is indicated either a high value for 
Wark, or the writer, or a low value for the authors at 1.00 per cent sili- 
on, or for Ruer and [!jin, in the absence of silicon. It is most unlikely 
that the difference should decrease with increasing silicon. 

The fact that aceording to the present writer’s reasoning, the lines 
begin to diverge where A, passes below A,, due to the fact that the metastable 
itectoid then becomes of nearly constant carbon, while the stable eutectoid 
lecreases in that element regularly, may form an explanation of the fact 
that above about 2.00 per cent silicon, the formation of graphite is much 
facilitated. The writer further believes that in view of the small differ- 
ences involved, the authors’ determinations cannot be regarded as yet estab- 
ishing the identity of the A, ., lines of the two systems, but only that these 
two lines are close together and nearly parallel. 

The purpose of the present discussion is to corroborate, from outside 
considerations, the authors’ findings as to the carbon content of pearlite in 


the presence of silicon without subscribing to their conelusions regarding 


the locus of A, at lower carbon or higher silicon concentrations. Incidentally, 


is hoped that this discussion may obviate errors of application of the 


authors’ data to high silicon alloys by extrapolation, for which they would, 
n no wise, be responsible. 


“EH, 


ct of Silicon on Equilibrium Diagram of System Carbon-iron Near Eutectoid Points,” 


H. A. Schwartz, H. R. Payne, and A. F. Gorton, American Institute of Mining and Metallurgical 
Hngineers, Vol. LXIX, p. 791. 


timmung der Léslichkeitsinie des Eisencarbids (Fe;C) in Gamma Eisen,’’ Metallur - 
No 99 ~ 
. 22, p. 704. 


Keantnis des stabilen Systems Eisen-Kohlenstoff,’’ Metallurgie, 1911, No. 4, p. 97. 
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Authors’ Written Reply to Discussion of Paper. By Dr. Anso 
[ wish to submit the following written reply to oral and written 
In my oral reply on the convention floor, I raised the quest 

change of crystal lattice necessary to the formation of a new p 

term phase is implied by the phase rule?’’ 


Hayes 


SS 


[ think beyond question it is not, for if the A, change should tak, 
sharply at a fixed temperature, the requirements of the phase ruil 
system of one component in the presence of two solid phases and 
pressure of one atmosphere be nonvariant, would have been satisfied 

[t is a fact that the A, change is spread over a considerable tempor. 
interval, however it has not yet been proven that this spreading js yo 
extreme case of the lag which we find in nearly all transitions. 

Because of the great difference in the magnetic properties of th 
below and above the 


waorttiy of 


hhon n a ( 


A, point, it proves to be very convenient to 
name beta iron even though the characteristics of this change may 1 
more or less arbitrary definitions of allotropy or of ‘‘phase’’ set up by 
authorities in the field. 


retany 
nt since 


to determ 


a1i1eéon, it 
The authors of the paper under discussion desired most of all to s 


data and nomenclature for Fig. 1 in such a manner as to avoid di 


PCT ft 


ence there 
The 


vhich if 


SS « 


of questions upon which authorities cannot reach a satisfactory agreement. 


which are entirely aside from the purpose which our Fig. 1 was intend 


noint W he 
serve, 


transition 
The extrapolation to zero rates of cooling for the composition of 


the series of alloys used in obtaining the data for this paper be 
practically impossible on account of graphitization taking place at lowe 

of cooling. It becomes extremely difficult to determine graphitie carbon i: 
alloy containing total carbon of three-tenths per cent with sufficient accura 


ne eutectoid 
in loes not 
Such 
First 
ind pre 
prevent the errors in this determination causing great irregularities 
individual determinations of the carbon content of pearlite. 
In consideration of this difficulty, the procedure was adopted ot 
the alloy at such a rate 


ementite 


es tha 
of these 
as to give a value of carbon for pearlite that 
erally accepted as being a good one. 

The silicon alloys were then all cooled 
possible. 


s that ' 
we woul 
at as nearly this same rat face-cent 

The rate used was also such as gave well-defined pearlite with no indicat 
of divorcing of the ferrite and cementite lamellae. 

Since spheroidizing takes place at lower rates of cooling it is questionabl 
whether such an extrapolation would give significant results even if the analy’ 
cal difficulty mentioned above did.not exist. 


orme d 
carbon 
Case, it 


from e¢a 
In regard to the effect of silicon upon the temperature of the A, transitio! 


which has been raised by both Mr. Archer and Mr. Schwartz: 

In a letter from Mr. W. E. Ruder of the General Electric Company 
Schenectady, he informs me that their work has not been published but show: 
that the A, point disappeared at about 2% silicon. 

In regard to the references which the authors quoted as authority fo 
cating A, at 900 degrees Cent. in one per cent silicon alloys, I wish to 82) 
that these are the conclusions drawn by Gonterman, Yensen and Charp) 


greater 
arbon 
tion au 
(one 
ign} 
al Engi 
“Nig 


iT 
i 












] 


Its whiel 


Wever pla 


) 





Cement 


inte nee 


DISCUSSION—CARBON CONTENT OF PEARLITE 229 


sai ng their work, and peculiarly enough are the same authorities quoted 


\ir. Schwartz’ to prove that the A, is raised by the addition of silicon. 
Mr. Sehwartz calls attention to the fact that in the work of Charpy and 
Carnu-Thenard, their results show an actual rise of 35 to 50 degrees Cent. 
This appears to be true in their thermal analysis 
, and 4, but is not corroborated by their dilatometer 
measurements shown in figure (2), 


in A. for one per cent silicon. 


esults shown in figures 1, 3 


The temperature reading at 0.26 per cent 


silicon is slightly higher than that at 0.06 but the value for A, 


where silicon 
‘7 per cent is at the same temperature as was obtained for the 0.06 
We feel 


sults which they obtained. 


per 
eent silicon alloy. that their conclusions were justified from the 
The work of Oberhoffer? and that of Wever, 
Oberhoffer places the temperature of the A, 
tion in a one per cent silicon alloy at slightly less than 900 d 


Wever places it at slightly above 950 degres Cent. 


re 
is 
vorthy of eonsideration. transi 


grees Cent. while 


Since we have been unable to obtain 4 reference from which it is possible 


determine to what extent, if any, the’ A! point is raised by one per cent 


silicon, it seems advisable to make no change at present. From this last refer- 
ence there seems to be no doubt that at higher silicon contents A, is raised. 


The authors wish to state that they drew the A. line from the point at 


hich it euts the temperature axis through the iron earbon eutectoid to the 


point where the so-called alpha-beta transition merges 


with the beta-gamma 
transition, and drew the A,., 


line from this point through the iron cementite 


tectoid for one per cent silicon alloys, under the assumption that silicon 


loes not affect the temperature of A,, 
Such a procedure is justified for the following reasons: 
Mirst, the fact that carbon may be taken into solid solution in austenite 


ind precipitated from the solution as cementite and the reverse process that 


may be precipitated indi- 
a mechanism for the conversion of carbon 
these forms into the other. 


ementite may be taken into solution and the earbon 


tes that there must be in each 


If we accept the concept of the solid solution 
s that which Wever presents and which reference Mr. Schwartz has quoted, 

would conelude that the earbon in the austenite enters the interior of the 
face-centered cube whether it comes from 


+ 


+ 


carbon or from cementite and 


iat the iron atoms in the cementite take their place in the regular positions 


f the iron in these face-centered cubes. If this is correct, the cementite is 
ormed at the time the earbon is precipitated. At the iron earbon eutectoid 
arbon is precipitated without the formation of the earbide. This being the 
case, tf 


follows that the difference between austenite saturated 
irom carbon and that saturated with earbon from 


greater number 


with carbon 
cementite is simply that a 
of the face-centered cubes have their inte 


rior occupied by a 
Thus, there is no discontinuity in 


the nature of the solid solu- 
range of its existence. 
stated elsewhere that this same statement 


irbon atom. 


; 
on 


austentite, over the whole concentration 


Une of the authors* has could 
hwartz, Payne and Gorton, Transactions, American Institute of Mining and Metallurgi- 
ngineers, Vol. 69, p. 792. 


hl und Eisen, Vol. 45, p. 1208, July, 1925. 


Diederichs and Fland« rs, 
HAC 


Transactions, American Foundrymen’s 
9, discussion. 


Association, Vol, 
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be made of austenite in the presence of more than one form of the 
such forms are in equilibrium with each other. 

In either of the above contingencies (beta) iron should separate y 
carbon solubility line crosses the A; line and (alpha) iron should 
where the Acm line crosses the A._, line. In case the situation is fyrth, 
simplified by assuming that the difference in beta and alpha iron is something 
similar to a rather abrupt increase in the specified heat of the latter. ther 
the two lines A, and A,_, should be drawn as a continuous curve with 4 rather 
abrupt change in the slope at the point where the A, and A, points merge. 
for the pure iron-carbon system the well-known equation 


ro 4} 
ere th, 


Cparate 










dT RT? ( 1 ) 
AH 


















dx 


(1—x) 







gives the relation between the slope of the A, line and the mole fraction x oj 





carbon in the austenite in case carbon is soluble in gamma iron and insolu| 
in beta iron. 


( 







Here T is the absolute temperature of the transition and A} js 
the heat absorbed when one gram mole of beta iron goes over into the gamma 
form. The application of the integrated form of this equation to the caleuly 
tion of AH assuming A, 





for pure iron is 900 degrees Cent., A, is 768 degrees 
Cent. and that A, merges with A, at 0.40 per cent carbon gives a value of 5.) 
calories per gram 






for the transition of beta to gamma over this interval, 
When this is compared with Meuthen’s* value of 5.6 calories, the agreement 
indicates that at concentrations of less than x 






0.018, the above equation may 






be applied with considerable precision. 

[t is plain from this equation that the heat absorption at A, requires that 
the slope of A;., line be numerically less than the slope of the A, line sing 
at the point where A, merges with A, thermodynamics requires that heat al 
sorbed at A, + heat absorbed at A, = heat absorbed at A,... 

The above relations hold for the pure iron-carbon system. 











If a third component silicon, which is miscible up to one per cent be in 
troduced, then the equation 






dT RT? 


AH 












= (K—1) 


dx 






gives the change in the temperature of the A, transition due to the presen 
of silicon. In this equation K is the distribution ratio of silicon between 
the beta and gamma iron and AH is the heat absorbed when one mole at 
solid solution (iron + silicon) is transferred from one phase to the other 
at constant composition. This equation shows that the temperature of the A 
transition is independent of the silicon content in case K=1, that it is raised 
if K is greater than 1, and is lowered if K is less than 1. It should be stated 
that this equation is strictly true only in dilute solutions. It should be qualita 
tively true to much greater concentration. Now if K has a value near on 


and the presence of carbon up to 0.7 per cent does not influence the value of K 









‘Ferrum, Vol. 10, p. 1, 1912. 





hest & ite 


per cent § 


tne Tempe 

lons 
solid phas 
(771 deg! 
yond 0.07 


and be lo 
in order 
Ti0n 18 tl 
taining | 
A. stable 
Cent. al 
ing the 
with A, 
and sin¢ 
to gam 
than the 
or not, | 
The 
havior ¢ 
If 
the sili 
per cen 
taining 
iron, 1. 
oceur, 
stable | 
produe 
each di 
a three 
In 
our da 
the pr 
Schwa 
silicon 
UO 


shows 
of a 
would 


of pu 


DISCUSSION—CARBON CONTENT OF PEARLITE 


per cent silicon is present, equation (1) may be applied since the 

on solid solution may be considered the new solvent. 
m the above considerations the following mechanism is considered to be 
suited to represent the behavior of iron-carbon alloys containing one 
cent silicon, on the assumption that one per cent silicon does not influence 

temperature of A;. 

\long the Ag line in iron-carbon alloys containing one per cent silicon, a 
solid phase separates in which carbon is practically insoluble. At 0.57 per cent 
"71 degrees Cent.) carbon (A, stable) the iron carbon eutectoid occurs, Be 
yond 0.57 per cent carbon in austentite, the solid solution at 771 degrees Cent. 
and below is metastable. However, since the constituent which must separate 
‘1 order to transform these low carbon alloys over into the metastable condi- 
tion is the same phase which separated from the solid solution for alloys con- 
taining less than 0.57 per cent carbon, the A, line should be extended through 


tion x of . Pe 
\, stable and to such a point as corresponds to the temperature (761 degrees 


Insolubl : yy ; : : 
7 Cent.) at which A, oeeurs. This manner of treatment is the result of apply- 
M H is : . . 

ing the equation (1) over this range. Beyond the point where A; merges 
vam: ; , 5 ; 
— with A, the constituent which separates the authors designated as alpha iron 


( 


e ealeula ; : ; : : . 
» and since /\H is greater for the change alpha to gamma than for that beta 
S degrees a , ; . 
. to gamma, the A, line should be drawn with a smaller numerical slope 
ue of 5 () 


than the A, line. This is just as true whether beta iron is called an allotrope 
or not, since the heat content of beta is greater than that of alpha iron. 

The authors consider that Fig. 1 is the simplest explanation of the be- 
havior of white iron in the graphitizing range. 


interva 
preement 
tion n 

if K is far removed from the value of one, it can readily be shown that 
gay the silicon content of austenite when the carbon content of austenite is 0.57 
per cent would be different for a 0.2 per cent carbon alloy and for one con- 


Ine sine 


taining 0.5 per cent carbon. For the higher carbon contents used in white 


iron, ie. 2.25 to 2.60 per cent carbon, this variation in behavior would not 


oceur, since no alpha or beta iron forms in cooling such an alloy until A, 
stable is reached. The result of K being much greater than one would be to 
produce a large number of A, lines on the one per cent silicon plane, one for 
each different carbon content. In other words, it would be necessary to go to 
a three dimensional diagram to represent the exact behavior. 

In order that the reader will not consider the lack of agreement between 
our data and the graph of Fig. 1 of Mr. Schwartz’s discussion, as indicating 
the probable error of our data, the significance of assumption (1) of Mr. 
Schwartz should be kept in mind. This assumption is ‘‘that the presence of 
silicon would not alter the effect of a unit carbon on A, or A, 

Our equation (1) of this reply 
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— that this assumption is equivalent to the statement that the transfer 
i mole of solid solution of beta iron and silicon over to the gamma form 


would be accompanied by the same heat absorption as would oceur when a mole 


of pure beta iron is converted into gamma form (providing of course, that the 
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temperature of the transition is not greatly affected by the presence , 
Strictly it would mean that RT* would be the same for the two cases 


AH 


There is at present no known method of predicting that such wo 


case, 


graph of Mr, Schwartz’s Fig. 1 is that his assumption (1) happened | 
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Thus the significance of the near agreement between our data 
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SOME EFFECTS OF HYDROGEN ON IRON AND THEIR 
BEARING ON A REPORTED TRANSFORMATION AT 
370 DEGREES CENT. (698 DEGREES FAHR.) 


By Henry S. RAwpoNn, PETER HIDNERT, AND W. A. TUCKER 
Abstract 


The purpose of the investigation was to find whether 
a recently reported ‘‘transformation’”’ in iron at 698 
degrees Fahr. (370 degrees Cent.) might not be an ef- 
fect due to hydrogen. By thermal analysis an ‘‘irreg 
ularity’’, appearing as an evolution of heat upon heat- 
ing, the maximum being around 572 degrees Fahr. (300 
degrees Cent.) was detected in some tron specimens. 
This was more pronounced in specimens which had been 
heated in hydrogen. An irregularity in thermal expan- 
sion around 698 degrees Fahr. (370 degrees Cent.) was 
likewise detected in some similarly treated specimens. 
lron containing an appreciable amount of iron oxide 
showed this phenomenon best. Iron charged with 
‘‘cathodic’’ hydrogen behaved irregularly in thermal 
analysis on heating, but showed an absorption of heat 
The results of the investigation did not confirm the ex- 
istence of the reported transformation. <A possible ex- 
planation of the results obtained based upon an X-ray 
diffraction study is suggested. 


I. INTRODUCTION 


HE immediate occasion for this investigation was to check 

the results recently reported by Sirovich' on a transforma- 
tion in pure iron and low carbon steels at approximately 698 
degrees Fahr. (370 degrees Cent.). By a series of dilatometric 
measurements of iron as it was being heated in a bath of fused 
tin, Sirovich obtained evidence of a rather abrupt change in the 
rate of expansion at 698 degrees Fahr. (370 degrees Cent.) upon 


Published by permission of the Director of the National Bureau of Standards of the 
Department of Commerce. 


| S 


vial ‘ 
Sirovich, G. 


, La transformazione polimorfica del ferro a 370° C. e la possibilita di 
ne della cementite nel ferro. Gaz. chim. Italiana, 53, 674-688, 1923. 


Of the authors, H. 8. Rawdon is physicist, Peter Hidnert, associate 


physicist, and W. A. Tucker, assistant scientific aid, Bureau of Standards, 
epartment of Commerce, Washington, D. C. 
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heating. He stated that the phenomenon was observed in electyy. 
lytic iron, Armeo (open-hearth) iron and low earbon stee!| 0.0) 
per cent carbon) and attributed it to a “‘polymorphie change” 
of some kind in the ferrite. He concluded that ferrite exist. x 
two forms, which he designated as a,, and a,. No 
show the behavior of the material on cooling were given and ¢h, 
question of the reversibility of the change was not discussed 
The curve in Fig. 1 is that given by Sirovich for electrolytic jroy 
The one for open-hearth iron was essentially the same as this op: 


Curves ft; 















Fig. 1—Dilatation Curve of Electrolytic Iron (Siro 
vich). The Specimen was Suspended in a Bath of Molten 
Tin and the Change in the Buoyant Force Noted as the 
Bath was Heated. 







low 












In the carbon steel, the transformation did not appear { 
be so pronounced. A Montemartini-Losana dilatometer was used 
for measuring the expansion, the specimen whose dilatation was 
being measured being suspended in a bath of fused tin. The 
true expansion of the iron, therefore, is not shown by the curvy 
but only the change which occurred around 698 degrees Fahr. 
(370 degrees Cent.). 
The existence of a ‘‘transformation’’ in iron reported by 
Sirovich as occurring below the well established ‘‘critical points’, 
is a matter of very considerable importance. No sure indications 
of such transformation had been obtained in any of the man) 
thermal analyses of pure iron which have been made at this 
Bureau during the past fifteen years. It appeared, however, that 
this phenomenon might have some bearing on a study which was 
being made of certain microstructural features of ferrite, hence 
one reason for examining it. In the study of the microstructure 
of ferrite, the possible influence of hydrogen had already been 
considered. The results obtained suggested that, perhaps, some 
effect of hydrogen on iron might account for the ‘‘transforma- 
tion’’ reported by Sirovich. 











Previous observations at this Bureau, 
on the effects produced on steel by the furnace atmosphere during 
annealing (Table 1, note a) also helped to strengthen the sug- 
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that the reported ‘‘transformation’’ might be only ap- 


cesti 
parent and not a real one. 

In the experimental method as reported by Sirovich, hydro- 
vey does not play a part. Details concerning the preparation 
of the specimens were not given, however. The use of a furnace 
atmosphere of hydrogen, or at least one rich in hydrogen, is not 
at all uncommon in the preparation of samples of such materials 
as were used, and the specimens may have been subjected unin- 
tentionally to a treatment similar to that used intentionally in 
the present investigation, as described below. Mention may also 
be made of the alloying action of the molten tin upon the surface 
of the iron specimen suspended in it, which occurs to an appreci- 
able extent. Sirovich does not appear to have considered this 
in drawing the conclusion which he did. In the present investi- 
vation, this possible source of error has not been studied. 

While the present investigation relates primarily to the in- 
fluence of hydrogen treatment on iron as shown by thermal an- 
alysis and expansivity measurements on the hydrogen-treated iron, 
it also attempts to discover the existence of the reported 698 
degrees Fahr. (370 degrees Cent.) transformation in an entirely 
different manner from that used by Sirovich. 


Il. Previous Work ON HypROGEN IN IRON 


Two rather complete bibliographies on the general subject 
of gases in solid metals have been published.** 

The following references relate to those phases of the subject 
which appear to have a bearing upon the reported transforma- 
tion in iron at 698 degrees Fahr. (370 degrees Cent.). 

St. Claire-Deville and Troost* showed as early as 1863 that 
hydrogen will diffuse readily through hot (solid) iron. Graham* 
concluded from his study of meteoric iron that, in addition to 
being permeable to hydrogen, iron, as well as certain other metals, 
retains appreciable amounts of the gas, after being heated in an 


Landolt-Bérnstein, Physikalische-Chemische Tabellen, 5th edition (1923), pp. 781-784, 
Solubility of Gases in Solids, 


‘Alleman, G., and Darlington, C. J., Occluded Gases in Ferrous Alloys, Journal, Franklin 
Institute 185, pp. 161-198; 333-357; 461-479, (1918). 

__ “St. Claire-Deville and Troost, The Diffusion of Hydrogen Through Iron, Comptes Rendus, 
4, 965-967 (1868), 


‘Graham, Thomas, On the Occlusion of Hydrogen Gas by Meteoric Iron, Proceedings, 
Roval Soci ‘ty 15, 502-8 (1866-7). Also: On the Occlusion of Hydrogen Gas by Metals, 
' edings, Royal Society 16, 422-7 (1866-8). Journal, Chemical Society 20, 257-292 (1867). 
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atmosphere of hydrogen. In his later experiments, a nun 


metals including iron were treated with hydrogen by (1 
to ‘‘redness’’ 


) } 
r 0 


in vacuo to expel any gas initially presey| 
heating in hydrogen, (3) cooling in hydrogen and (4 





hh atin 


a second time, as in (1), to determine the amount of gas wh), 
had been ‘‘oecluded’’. He stated that no difficulty was ex). 
enced jn obtaining good experimental results, except with ipo) 







lt was practically impossible to free iron completely from 
hydrogen. Later, hydrogen was introduced into the metal elect) 


lytically with essentially the same results. 






Cailletet® and Troost and Hautefeuille’ confirmed Graham's 
work by showing that hydrogen is retained by cast iron and }) 
steel when heated in hydrogen to 1472 degrees Fahr. (S00 devre, 
Cent.). 





Determinations were 







made of the amount of gas liberat 
on reheating. Likewise, the work of Parry’ showed that a |o\ 
carbon steel (0.08 per cent carbon) heated in hydrogen to 
low red heat’’ 







absorbed a very appreciable amount of hydroven 
considerably more than was reported by Graham. Parry reported 
that the sample absorbed in 12 hours 5.1 times the volume o| 
) the specimen. 









The temperature was approximately that of th 

fusion point of copper, 1981 degrees Fahr. (1083 degrees Cent 

At a higher temperature 5.4 additional volumes were taken up 
Roberts-Austin was the first to attempt the study of the rea! 


Kleetro 
lytic iron was used and was deposited from ferrous chloride ( 


role of hydrogen in iron by means of thermal analysis.’ 


rectly on the bead of a platinum: platinum-iridium thermocouple 
The deposit weighed D grams. 





He had previously shown that 
hydrogen is evolved at a relatively low temperature from electro 
lytic iron. The specimen was heated three times in vacuo 

| 2372 degrees Fahr. (1300 degrees Cent.), after which a photo 






graphically recorded cooling curve was taken by the differential 
method, the neutral body used being platinum. 
A, and A,, two other ‘‘ points’’ 






In addition to 


showing as evolutions of lieal 







*“Cailletet, Comptes Rendus, 61, 850-852, 1865. 





‘Hautefeuille and Troost, Comptes Rendus, 76, 482-485, 562-566 (1873). 









‘Parry, John. 


Hydrogen 
Steel Institute, 1881, 


ms. 2, 


and Carbonic 
183-194. 


Oxide in Iron and Steel. Journal, Ir 





*Roberts-Austen, Sir. Wm., 5th Report Alloys Research Com., Proceedings, | 
Mechanical Engineers, 1899, 42.74. 
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RFFECT OF HYDROGEN ON IRON 


im) 
pon ling were reported; one of considerable magnitude begin 
UpV — a : 
ning 108 degrees Kahr, (487 degrees Cent.), and a rather faint 
ne beginning at 502 degrees Kahr. (261 degrees Cent.). It was 
one wt : ‘ 


stated that the ‘‘points’’ became much smaller after repeated 
heatings, hut that the one at 908 degrees Kahr. (487 degrees Cent. ) 
could be restored by recharging the iron with electrolytic hydro 
vel, 

Ilevn'’ extended Roberts-Austen’s work by investigating the 
aifect. of hydrogen upon the mechanical properties of soft steel 
v.05 per cent carbon, 0.387 per cent manganese), the hydrogen 
heing introduced by heating the steel in an atmosphere of hydro 
ven at 1846 to 18382 degrees Fahr. (7380 to 1000 degrees Cent.). 
he steel was then quenched directly from the hydrogen in water. 
Steel was reported to be rendered quite brittle by this treatment, 
is shown by the cracks developed at relatively large radii of 
urvature (130 degrees approximately) upon cold bending the 
specimens. Heyn also concluded that no unusual effects are pro 
duced if the steel is slowly cooled in the hydrogen or if it is 
yuenched in water after being heated in hydrogen to a tempera 
ture below 1346 degrees Fahr. (730 degrees Cent.). He reported 
later (second reference cited) that soft iron wire rendered brittle, 
as above, gradually regained its ductility. However, after 250 
days at room temperature, the hydrogen-treated iron was not the 
equal of similar wire quenched from the same temperature but 
not from a hydrogen atmosphere. 

The work of Belloe,"' confirmed by that of Boudouard,'™ is 
of interest in showing the rate of hydrogen evolution upon heat 
ing a low earbon steel (0.12 per cent carbon). He interpreted 
lis results as showing that the evolution of hydrogen begins be 
tween 572 and 752 degrees Fahr. (300 and 400 degrees Cent.) 
and reaches a& maximum at approximately 1112 degrees Fahr. 
b00 degrees Cent.). At 2192 degrees Fahr. (1200 degrees Cent. ), 
however, all of the gas had not been removed. Boudouard con 
cluded that the physical condition of the metal affeeted the rate 


of evolution of the gas, but in all cases the evolution began at 
‘red heat’’, 


tleyn, E., Eisen und Wasserstoff, Stahl und Risen, 20, 8837 (1900); 21, 918 (1901) 
Belloc, G., Gaz ocelus dans les aciers. Comptes Rendus, 145, 1280-1283 (1907), 


Vetallurgie, 5, 469-488 (1908). 


Boudouard, O., Extraction des gaz contenus dans les metaux, Comptes Rendus, 145, 
$4 (1907); Revue de Metallurgie, 5, 69-74 (1908) 
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Baker’s** results for 0.13 per cent carbon steel hea; 
vacuo indicated an evolution of hydrogen beginning beloy 7 
degrees Fahr. (400 degrees Cent.) with a marked increase jy we 
at 1112 degrees Fahr. (600 degrees Cent.) and a second inepeay, 
at 1448 degrees Fahr (787 degrees Cent.), the rate of evolution 
above this being much less. Baker determined the thermal trays. 
formations of his steel, but was unable to confirm. Roberts-A ys 
findings concerning the ‘‘hydrogen points’’ below A, in iron. 

Charpy and Bonnerot'* showed that the diffusion of hydy. 
gen through iron is nil below 617 degrees Fahr. (325 decrees 
Cent.). Above this temperature the rate at which hydrogen ea) 
be passed through iron increases with the temperature. Unde 
the conditions used by them, the rates were at 662 degrees Fahy 












en's 







(350 degrees Cent.), 1.1 cubic centimeters per hour; 842 degper 
Fahr. (450 degrees Cent.), 3.2; 1022 degrees Fahr. (550 decrees 
Cent.), 8.5; 1382 degrees Fahr. (750 degrees Cent.), 30.0: and 
1562 degrees Fahr. (850 degrees Cent.), 42.0 cubic centimeters 
per hour. They also reported that iron through which hydrovger 
gas was diffused while being heated retained no more of the hydro. 
gen than a similar piece of the metal simply heated in the hydro. 
gen atmosphere. 


















Their hydrogen determination for iron (soft steel) throug! 
which hydrogen was passed for 210 hours at 1112 degrees Fahr. 
(600 degrees Cent.), indicated that 0.04 eubie centimeters of hy 
drogen was retained per gram of iron. The same metal simp) 
heated in hydrogen under similar conditions of time and temper: 
ature showed 0.07 cubic centimeters hydrogen per gram of iron. 

Harding and Smith’ reported upon the length and electrical 
resistance changes resulting from cathodic occlusion of hydrogen 
in a number of metals, including iron, and suggested that the 
hydrogen existed in two forms, ‘‘alloy’’ hydrogen and ‘‘conduct- 
ing’’ hydrogen. Fuller’® has discussed very fully the penetra- 
tion of iron by atomic (cathodic) hydrogen, and emphasized the 













148Baker, Thomas. Gases Occluded in Steel. Journal, Iron and Steel Institute, Ca 
Scholarship Memoirs, 1, 219-229 (1909); 3, 249-259 (1911). 


“Charpy, G., and Bonnerot, 8S. Sur la permeabilite du fer pour l’hydrogene, Comp! 
Rendus, 154, 592 (1912) and 156, 394 (1913). 





Harding, E. A., and Smith, D. P. Occlusion of Hydrogen and Oxygen in Metal El 
trodes. Journal, American Chemical Society, 40, 1508-1531 (1918). 


Fuller, T. S. 
(1920). 















The Penetration of Iron by Hydrogen, General Electric Revi 
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EFFECT OF HYDROGEN ON IRON 


difference in the behavior of nascent (atomic) hydrogen and gas- 
olecular) hydrogen on iron. 


ePOous 1h 


Pilline’st? study of the effect of heat upon electrolytic iron 
‘ndicated that the evolution of hydrogen begins below 212 degrees 
eahr. (100 degrees Cent.) and reaches its maximum around 392 
decrees Fahr. (200 degrees Cent.). Indication of another increase 
‘1 the rate of gas evolution between 1112 and 1292 degrees Fahr. 
600) and 700 degrees Cent.) was also obtained. A pronounced 
‘nerease (over 75 per cent) in scleroscope hardness after heating 
at 482 degrees Fahr. (250 degrees Cent.) was noted for the mate- 
rial. With further heating the hardness gradually decreased until 
helow its initial value. 

Williams and Homerberg have recently pointed out’ that the 
severity of the detrimental effect of ‘‘cathodic’’ hydrogen upon the 
ductility of soft steel depends upon the number and distribution 
of inclusions, oxides and sulphides, in the steel. 


Ill. MATERIALS AND METHOD 


1. Materials. Three materials similar to those used by Sir- 
ovich, open-hearth iron and electrolytic iron and low carbon steel 
were used for the work described below. The observations on 
the low carbon steel (0.07 per cent carbon) were obtained in a 
previous investigation.'® 

The open-hearth iron was in the form of a 2-inch round of 
the following composition: Carbon, 0.02 per cent; Manganese, 
0.02 per cent; Phosphorus, 0.003 per cent; Sulphur, 0.027 per 
cent; and Silicon, 0.004 per cent. Most material of this kind 
contains a small amount of copper, approximately 0.03 per cent. 
Microscopie examination and supplementary determinations for 
‘gas’? content showed considerable variation in the oxygen con- 
tent across the section of the bar. Results of the oxygen determin- 
ations are given in a later section. 

The electrolytic iron was obtained from various lots of this 
material made at the Bureau at different times. Any unusual 


Pilling, N. B. Heat Treatment of Electrolytic Iron, Transactions, American Electro- 
mical Society, 42, 9 (1922). 


Williams, R. S., and Homerberg, V. 0. Intercrystalline Fracture of Steel, TrRansacrions, 
\merican Society for Steel Treating, 5, 399 (1924). 


See note ‘fa,”? Table I. 
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feature in composition or preparation is noted along wit} 
sults obtained (Figs. 4 and 5). 






2. Method. The behavior of the materials when heated 
cooled in vacuo was studied by the method of thermal analysx 
The thermal expansivity of bars of the materials was determina; 
from room temperature up to approximately 842 degrees Fa} 
(450 degrees Cent.). The X-ray method was also used for th, 
study of the crystal structure of the iron before and after tres 
ment with hydrogen. Chemical determinations for hydrogen 4), 
oxygen were also carried out. 










(a) Thermal Analysis 


The apparatus and general method have been described 
a previous publication.*° In brief, the method consists in ¢ 








50-5 0-58-500-59.005-595-050.50-05-58.8055085505.85-5 0 
Time in Seconds to Heat or Cool Two Degrees Centigrade 








Fig. 2—Inverse-rate Thermal Analysis Curves of Open-hearth 
Iron. The Numbers Used are those Assigned in Table I, Wher 
the Treatments Prior to Thermal Analysis are Given. The Shaded 
Areas for Nos. 2 and 4 Indicate a Heat Evolution on Heating; 
that for No. 9, an Absorption of Heat on Heating. 













termining the time required for a definite temperature chang 
of the specimen, which is heated by being moved at a unifor 
controllable rate, from the cooler end of a rather long electricall) 
heated tubular furnace toward the hotter end and in the opposit' 
direction on cooling. The furnace is wound in such a manner 
that when heated, there is a decided, but uniform, temperatul' 
gradient from one end to the other. The results when plotted 
give the well known inverse-rate thermal curve. 


Use of a Modified Rosenhain Furnace for Thermal Analysis, H. Scott and J. R. Freema 


Jr. Bureau of Standards, Scientific Paper 348 (1919). 
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(b) Thermal Expansion 
1; was in determinations of this kind that Sirovich made ob- 
tions upon which he based his conclusions as to a transforma- 
+) iron at 698 degrees Fahr (370 degrees Cent.). The method 


J here has been deseribed*! elsewhere. It consists in the direct 


eribed 1 





egees \ 


a 


+ 


> 
s 


* 
S 8 
Se E 
k 5 
I 


S5B85080 05 O90.5 a5 WO5-BED ED U5BS 
Tram in Seconds to Heat or Cool Twa Degrees Cemtugraie tne m Seconds to Heat or Cool Two Degrees Centigrade 


Fig. 3 Inverse-rate Ther 


nal Analysis Curves of Low 
Carbon Steel. The Initial Car 


Fig. 4—Inverse-rate Thermal Anal) 
sis Curves of Electrolytic Iron The 
Preliminary Treatments of the Speci 
bon Content was 0.07 Per mens are Tabulated in Table I, the 
Cent, the Absence of the A: Numbers Correspond to those in Table 
Peak in the Curves Indicates I. Note the Heat Absorption in the 


Decarburization During the Heating Curve of No. 16. 
Treatment of the Steel, which 


s Summarized in Table I. No. 
11 Showed a Heat Evolution 
During Heating. 


measurement of the length changes of a bar 30 centimeters long 
maintained for a sufficient length of time at the desired tmperature 
until the length remains constant. 


» chang 
uniforn 
etrically 
Opposit : IV. RESULTS 

— : 1. Thermal Analysis 
cee Any transformation, occurring ‘‘spontaneously’’ in a metal 
or alloy during heating or on cooling from an elevated tempera- 
ture, if sufficient in magnitude to manifest itself as a volume 


\" 


plotted 


‘surements on the Thermal Expansion of Fused Silica, W. Souder and P, Hidnert, 
ntiiie Paper 524; Bureau of Standards, 1926. 
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Table I 


Results of Thermal Analysis of Iron 








beginning of heat change, M maximum of heat change 










Specimen | Treatment Prior to 


Thermal Characteristics 
No, | Material | Thermal Analysis 


Shown by Heating Curve \ 


























l Open-hearth | Annealed 1 hr. 865° C., il No pronounced unusual 

Iron luminating gas passed | features, 
into furnace 

e Open-hearth | 2 hrs. 750° C, in commer- | Pronounced heat evolution 
Iron cial He | B=—300° C., M=380° ( 

3 | Open-hearth | 2 hrs. 750° ©, in commer | No pronounced —unusua 

Iron | cial Ne | features 

4 Open-hearth | 2 hrs. 975° C. in dry Hy. | Heat evolution, M=—3800 
Iron | © 

5 | Open-hearth | 5 brs, 950° C., dry He. | Slight heat evolution ( 
Iron above 300° (¢ 



















































6 Open-hearth | 2 hrs, 750° C., moist Hy, | No unusual feature Ss. 
| Iron 
7 | Open-hearth | 2. hrs. 850° C©., dry He, | No unusual features 
[ron | quenched in cold water 
8 | Open-hearth | 2 hrs. 975° C., dry H»,| No unusual features; er 
Iron quenched in cold water, | cooling curve, however 
9 Open-hearth | Cathode in electrolytic | Heat absorption, M— 200 
Iron cell, 2% H,SO,,4 18} C. 
hrs. room temperature. 
108 | 0.07% C | 1 hr. 1000° C., dry No. | No unusual features 
Steel | 
11° 0.07% ¢ l hr. 1000° C., dry Ele. Heat evolution.» M=—390 
Steel C, 
| |} Ac: nearly “‘wiped out,’ a 
a result of decarburiza 
| tion by He. 
12 Eleetroly- | As deposited.¢ No unusual features 
tic Iron 
13 | Electroly Deposited directly on the No unusual features. { 
| tieTron | bead of thermocouple. 
14 Kleetroly 2 hrs. 750° C., moist Hy». | No unusual features. 
tic Iron 
remelted | 
15 Electroly- | 22 hrs. as cathode in elec No unusual features 
| tic Iron | trolytic cell, H,SO,, 
remelted = | room temperature.@ 
16 Electroly 48 hrs. as cathode in elec Heat absorption, B=—100 
| tic Tron trolytie cell, HeSO,, | M=328" ©. 
remelted room temperature.4 
17 Electroly As deposited, crushed and| No heat evolution { 
tic Iron heated 5 hrs. 950° C., 
dry Hg,, briquetted into 
form for specimen. 
18 | Electroly Completely oxidized, re-| Heat evolution, M=325 
| tie Iron duced with = dry He, Cc 
briquetted, heated 2 hrs. 
950° C., dry He. 
19 | Electroly- As above except the run| Heat evolution, _M=310 
tic Iron was made directly after C, 
reduction in Hg, with 
no further treatment, 
20 Electroly Material similar to above | Heat evolution, M—290 
tic Iron was melted in vacuo, C. 
and heated in dry Hg, 
975° C. 2 hrs. 














“From an unpublished Bureau of Standards investigation, H. J. French, T. G. D 
H. C. Cross, Effect of Character of Furnace Atmosphere in the Annealing of Stcel 
>Three runs were made; two showed this feature. 
*The iron was deposited in July, 1924; the thermal curve was taken April, 1° 
“Specimens were of approximately the same size and all were run_ unde! 
. conditions. 
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localized within a very short temperature range would be 
‘ed because of the fundamental energy change involved, to 
In ctable as a thermal ‘‘transformation point’’. The thermal 
analysis method, therefore, because of the relative ease with which 
such determinations ean be carried out as well as for the accuracy 
of the results obtained, was given preference in the study of the 
material in whieh the reported 698 degrees Fahr. (3870 degrees 
Cent.) transformation might be expected to occur. 
In Table I are summarized the materials used, the treatment 


viven each before being used for thermal analysis and the prin 







ature Degrees Centigrade 


Temper 


= 


SuUob es 5o-5 Bb poo w 
+s 


Time in Seconds to Heat or Coot Two Degrees Centigrade 


Fig. 5-——Inverse-rate Thermal Analy 
sis Ourves of Electrolytic Lron Com 
pletely Oxidized and then Reduced with 
livdrogen. See Table I for the Com 
plete Treatment. Note the Heat Evo 
lution Shown by the Heating Curve for 
Kach of the Specimens. 


cipal thermal characteristics in the lower part of the curve, as 
shown by the heating curve. In general, any unusual effect 
ven noted, occurred during the heating only. The curves ob- 
tained are given in Figs. 2 to 5 inelusive. 

; ‘ The results summarized in the table and curves show that 

iron treated with hydrogen, by being heated in such an atmos- 
phere, at times exhibits an irregularity in the heating curve of 
the treated metal. This feature reveals itself, as an evolution of 
heat, in most eases spread over a considerable temperature range, 


but usually showing a maximum somewhere around 572 degrees 
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Fahr. (300 degrees Cent.). This feature is by no means in 
found in iron specimens which have been heated in hyd) 
and is therefore not at all characteristic of a true transfor ation 
In the curves (Figs. 2 to 5) in which this feature was unmista 
able, the area corresponding to it has been shaded. Suegvestiy) 
of the same feature may be seen in some of the other curye 
but the majority of the thermal curves taken did not show {hj 
irregularity. 


OVe] 











It was found more frequently in the open-hear| 
iron used than in electrolytic iron given identical treatment. 

No indications were obtained which would show that the pres 
ence of traces of moisture or oxygen in the hydrogen used wou|\ 
The hydrogen 
was used in three different states of purity, (a) as taken directly 
from the commercial cylinder of compressed gas, (b) the san: 
as (a) saturated with water vapor by bubbling through distille\ 
water, and (c) the same gas as (a) freed from traces of oxyve 
by passing it over platinized silica heated to redness and the: 
completely drying it by means of phosphorus pentoxide. 

The material for some of the runs, (Nos. 7 and 8, Table I and 
curve 3, Fig. 8) was prepared by a method described by Heyn 
of quenching the iron directly in water after it has been heated 
in a hydrogen atmosphere. Heyn reported that an apprecialle 
amount of hydrogen was retained by the iron after such a treat 
ment. 







in any way account for the phenomenon observed. 














The apparatus and method used in the present work are 
shown in the diagram of Fig. 5. 

One definite conelusion which the results of thermal an 
alysis warrant is that iron treated with hydrogen by being made 
the cathode of a suitable electrolytic cell behaves very different!) 
from iron treated with hydrogen gas at a higher temperature. 
When the cathode specimen is heated, the heating curve indicates 
an absorption of heat which begins not far above room tempera 
ture and is completed somewhat above 392 degrees Fahr. (20 
degrees Cent.). This absorption of heat, in all probability, is 4 
necessary condition for accomplishing the escape of the hydrogen 
‘‘oecluded’’ by the iron during the electrolytic process. The ob 
servations of Pilling** on the same phenomenon by an entirel) 
different method confirm the result obtained here, at least so fa! 
as location of the temperature range in which the phenomenon 

22See Note 


















10. 





283ee Note 17. 
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wc ig econeerned. The results obtained with the two materials, 
OCCULS + 
open-h rth iron and electrolytic iron, treated with hydrogen elec- 
rrolytically, indicated a difference in the response of the two 


materials to the hydrogen treatment. Easily detectable results 
wore obtained with the open-hearth iron in a shorter time than 


with electrolytic iron (specimens 9, 15 and 16, Table 1). This 


reature may be related to observations of Williams and Homer- 
bere’? upon which they based their conclusion that the increase 
‘ brittleness of iron under the influence of cathodic hydrogen 
is dependent in large measure upon the inclusions in the iron. 
he oxygen content of the open-hearth iron used was considerably 
hivher than that of the electrolytic iron. 

In no ease did the results of thermal analysis of either mate- 
rial confirm those reported in the work of Roberts-Austen*® on 
electrolytic iron as to the transformation points below A, show- 
ny as evolutions of heat upon cooling. 

On the whole, the curves for the open-hearth iron indicated 
. more noticeable tendeney for this material to exhibit an irreg- 
ularity in the heating curve than did the electrolytic iron (com- 
pare Figs. 2 and 4). In the case of the electrolytic iron which 
had been completely oxidized and then reduced with hydrogen, 
the heat evolution upon heating was obtained (Fig. 5). This 
material when fused in vacuo and subsequently heated in hydro- 
ven, also gave evidence of the heat evolution on heating in the 
thermal analysis run (Fig. 5,*eurve 20). The microscopic exam- 
ination of this specimen showed a structure quite similar to that 
of open-hearth iron, that is, numerous oxide inclusions in the iron 
were to be seen ( Hig, 11). 


2. Thermal Expansion 


All of the results reported below in graphical form were ob- 
tained upon two specimens, one of open-hearth iron and one of 
electrolytic iron. The various treatments used were applied in 
succession to the same bar, thus possible variations in results by 
reason of differences other than treatment were eliminated. The 
open-hearth iron specimen was cut from one quadrant of a eyl- 
udrical bar of 2-inch diameter. The electrolytic iron specimen 

ss 18, 


254, 


2 9. 
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was a bar forged from a small ingot of remelted electrojy 
iron. Another bar from the same ingot had been used previous) 

i UNL) 
in the determination of thermal expansion.** The compositiy 
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Fig. 6—Apparatus Used for Quenching Specimens 
in Water Directly from the Hydrogen Atmosphere 
in which they were Heated. 







’ 
\P 


of this material was: earbon, 0.02 per cent; sulphur, 0.007 


cent; silicon, 0.006 per cent; manganese and phosphorus, uil 
cobalt, copper and nickel together, 0.014 per cent. 

The expansion of each bar from room temperature to S42 
degrees Fahr. (450 degrees Cent.) was measured. The results 
obtained, together with the various treatments used for the bars, 
are summarized in Figs. 6 to 9. In the temperature range, 61! 
to 752 degrees Fahr. (325 to 400 degrees Cent.) approximately, 
expansion measurements were taken at short intervals (3 or 4 
degrees) since it was within this temperature range that tlie 
transformation had been reported by Sirovich. It will be noted 
that some of the curves show an ‘‘irregularity’’ in the expansion 
of the material within this temperature interval which was ex 
amined in detail. While none of the irregularities can be classed 















**Souder, W., and Hidnert, P. Thermal Expansion of a Few Steels, Bureau Stal 
Scientific Paper 433 (1922), Fig. 2. 
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~~~ 2000-- + 


Expansion in Millionths 


© Obs. on Heating 
© Obs. on Cooling 


150 300 450°C 
Temperature 


Fig. 7—Thermal Expansion Curve of Open-hearth 
Iron from Room Temperature to 842 Degrees Fahr. (450 
Degrees Cent.). The Bar was Annealed Prior to the 
Expansion “Run” in the Open Furnace, in which Il- 
luminating Gas was Burred. Note the Irregularity in 
the Curve between 662 and 752 Degrees Fahr. (350 and 
400 Degrees Cent.), Represented Above by Two Inter 
secting Curves. 
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Fig. 8—Thermal Exnansion Curves of an Open-hearth 
Iron Specimen After Different Successive Treatments. 

1. Same Curve as Fig. 6. 

2. Heated in Commercial Hy, 2 Heurs, 1382 Degrees 
Fahr. (750 Degrees Cent.); Cooled in He. 

3. Heated in Vacuo, 1 Hour, 1577 Degrees Fahr. (825 
Degrees Cent.), Cooled in Vacuo. 

4. Heated in Moist Hy, 2 Hours, 1382 Degrees Fahr. 
(750 Degrees Cent.), Cooled in He. The Current of He 
was Maintained to 608 Degrees Fahr. (320 Degrees 
Cent.), then Cut Off. 

5. No Additional Treatment. This Run was Made 
Immediately After 4, 
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as ‘‘pronounced’’ or ‘‘abrupt’’, as is to be expected a tr 


transformation, the ‘‘irregularity’’ could not be disregardeg ; 


drawing the expansion curve. In one case, (curve 1, Fig. 8) 4 


results could best be expressed as two curves intersectino 
degrees Fahr. (370 degrees Cent.) 


at HOR 


(approximately). <A compar 


Expansion in Millionths 






300 450°C 








350 
Temperature 


400 





Fig. 9—Thermal Expansion Curves of Electrolytic 


















Iron After Different Successive Treatments of the Same 
Bar. 

1. Heated in Commercial He, 2 Tiours, 1382 Degrees 
Fahr. (750 Degrees Cent.), Cooled in Ho. 

2. Heated in Moist He, 2 Hours, 1382 Degrees Fahr. 
(750 Degrees Cent.), Cooled in Ho. 

3. Heated in Hy, Previously Dried and Freed from 
O2, 3 Hours, 1742 Degrees Fahr. (950 Degrees Cent.), 
Quenched Into Water Directly from the Hydrogen At 
mosphere. 


-2000--. 





Expansion in Miltionths 


© Obs. on Heating 
*0bs.on Cooling 










0 150 
Temperature 


Fig. 10—Thermal Expansion COurve of Electrolytic 
Iron, Room Temperature to 842 Degrees Fahr. (450 De- 
grees Cent.). Same as No. 3, Fig. 8 


300 450°C 
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( Microstructure of Ferrite. Magnification 100 x. Etched with 2 Per Cent 

\ 

2 i-hearth lron 

Electrolytic Iron, Fused in Vacuo After Being Completely Oxidized and then Reduced 
Inclusions of Oxide in Both Materials, 


ison of the relative magnitude of the observed irregularity in ex- 
pansion with that of the transformation reported by Sirovich 
an not be made since in the published curves by Sirovich, the 
ordinates, representing expansion, are not expressed in definite 
inits. 

The results of the expansion determinations confirm those 
of the thermal analysis in showing that an irregularity may occur 
in the thermal eurves of iron and that the irregularity is not 
a constant one, that is, it is not one that invariably repeats itself. 
Although the results check the work of Sirovich to the extent of 
showing some deviations from the ‘‘smooth’’ expansion curve, 
they do not, in any way, confirm his conclusion concerning the 
reported allotropie transformation. 

The expansion curves, Figs. 7 and 10, suggest that, of the 
two materials used, the open-hearth iron is more prone to irreg- 
wlarity in expansion than is the remelted electrolytic iron. There 
is also some indication that in a series of ‘‘runs’’ on the same bar, 
those later in series are apt to show greater regularity in the ex- 
pansion than the early runs. Of the five curves taken on the 
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specimen of open-hearth iron, the first run after the 
treatment (curve 2 


\ydroge 
, Fig. 8) was noticeably more irregulay thar 
later ones, although the treatment of the specimen was essentially 
the same. | 


Wee 





3. Determinations of Oxygen and Hydrogen 
Microscopic examinations of the open-hearth material ja) 
shown that it contained an appreciable amount of oxide, as judoa) 
by the number and character of the inclusions in the meta] 
11). The distribution of the inclusions was not uniform «¢ 
the section of the bar. 
the oxygen content. 


ig, 


ross 


Analyses were carried out to determin 
The hydrogen content was also determined 
The method used has been deseribed.2’ Typ 
results obtained are summarized in Table II. 
The results suggest strongly that, inasmuch as iron which has 
been heated in hydrogen, may contain less of this element thay 
the iron in its initial state, the irregularities noted in the prop. 


at the same time. 


Table II 
Oxygen and Hydrogen Content of Open-Hearth Iron’ 





Determi 
nation 





Condition of Location of 





! 
| Oxygen, Hydrog 
Number | Specimen Specimen Per Cent Per Cent 
ee | —_ a = 
l | As cut from bar. Not recorded. 0.047 
2 As cut from bar. Not recorded. 0.083 
} | 
3 As cut from bar. Edge of cross section of 0.030 
2-inch bar. 










As cut from bar. Center of 2-inch bar. 0.072 0 




















As cut from bar. Edge of 2-inch bar. 0.028 








| Heated 2 hrs. in hydrogen, 
750° C., cooled in hy- | 
drogen. | 


Not recorded. 0.046 








| Heated 2 hrs. in hydrogen, Not recorded. 





0.040 
750° C., cooled in hy- 
| drogen. 
8 | Heated in vacuo, 850° C. | Not recorded. 0.058 0.0004 





“Bureau of Standards analysis, L. Jordan, Chemist, and W. P 


. Barrows, Associate Chemist 


erties of the iron upon heating are not to be attributed, simp 
and wholly, to the presence of hydrogen. The average oxygel 
eontent of the untreated iron (determinations 1 to 5 inclusive 
was 0.052 per cent, a value which agrees fairly closely with that 
of the vacuum-annealed material. Both of the hydrogen-treated 


7, and J. R. Eckman Gases in Metals, II: Determination of oxygen 
hydrogen in metals by fusion in vacuum, Bureau of Standards Scientific Papers No. 514 
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ae rons \o. 6 and 7, Table IL) were appreciably below this value 
a their oxygen content. The obvious conclusion that the hydro- 
Been cerves, first of all, to reduce the oxide to metallic form would 


Bappear to he the correct one. The variation in oxygen content 
oe : 


.¢ the original material is so wide that deductions based on the 


Paverage oxygen content can be taken as suggestive only, not as 
The possible relation of this phenomenon to the 
S observed irregularities in the ‘*thermal characteristics’’ of the iron 
j is referred to later. 

f. Crystal Structure—X-ray Examination 

It has been well established by investigators of the crystal 
Ftructure by means of the X-ray diffraction method that in iron 
Pin the alpha condition, that is, below 1652 degrees Fahr. (900 
Fecrees Cent.) (approximately), the atoms are arranged accord- 
Davy** has reported the 
lattice constant of alpha iron, that is, the length of the side of 
No difference 
for electrolytic iron 
} fused in vacuo (Carbon 0.02 per cent, Manganese 0.001 per cent, 


was reported by him in this ‘‘constant’’ 


; Phosphorus 0.004 per cent, Sulphur 0.017 per cent and Silicon 


021 per cent) and for iron made by reducing ferrie oxide with 
hydrogen. 

Measurements of this kind were also made*® on a sample of 
electrolytic iron (unfused) crushed and sifted through 200-mesh 
bolting cloth and the same iron oxidized to free it from carbon and 
other impurities and then reduced by hydrogen.*® The open-hearth 
iron in its initial condition was also examined. Its pattern was 
found to be identical with that of the electrolytic iron. The un- 
fused electrolytic iron would be expected to contain more hydro- 
ven than in the same material after fusion, as in Davy’s experi- 
ments. The iron reduced from the oxide by hydrogen (specimen 
l!, Table 1) was used directly after the reduction. The diffrae- 
tion patterns of the two materials were identical so far as the 
spacing of the bands was concerned. The computed value of 
the lattice constant was 2.852 Angstrom units, a value which is 


in good agreement with that reported by Davy. Nothing was 


“Davy, W. P. Precision Measurements of the Lattice Constant of Twelve Common Metals, 
rhystcal Review, 25, 753 (1925). 
*F. Sillers, Scientific Aid, Bureau of Standards. 


Prepared by L. Jordan, Bureau of Standards. 
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noted which would indicate a change in the atomic x 
tributable to hydrogen. 

A decided difference was noted, however, in the pn 
bands in the diffraction patterns of the two irons. Th 
produced by the electrolytic iron in its initial state was someyhy 
less intense than that of the hydrogen-reduced iron taken yyju 
identical conditions, also it faded out much more quickly, ¢| 
is, With increasing angle of diffraction. 


imber 


In the diffraction patter 
of the iron reduced by hydrogen 12 distinct bands could he ¢ 


tinguished, whereas in the pattern of the electrolytic iron oy) 


with certainty. Davy’s published results also indicate a simily, 
difference. His results show that he was able to count 11 bands 
in one of the patterns of this hydrogen-reduced iron, but th 
presence of only 7 in the pattern of the fused electrolytic 


could be established with certainty. 


These pattern differences 
may be interpreted as indicating a very much finer grain size } 
the iron reduced by hydrogen from the oxide than: in the othe: 
material, despite the fact that both had been crushed fine e 
so as to pass through 200-mesh bolting cloth. 


One 
UUs 





A 


The results of the examinations earried out 


DISCUSSION 








have confirmed 
the work of Sirovich to the extent of showing an irregularity 
in the thermal behavior of iron as revealed by expansion meas 
urements as well as by the thermal analysis method. The 

regularity’’ is-of such a character, however, that the explanatio 
offered by Sirovich, that it is to be attributed to a polymorp! 
transformation in the iron, does not at all appear to be justified 














The definite manner in which a true transformation repeats itsel! 


in succeeding ‘‘runs’’ was entirely lacking in this instance. [ 


the thermal analysis, the ‘‘irregularity’’ manifested itself as 

slight evolution of heat during the heating of the specimen, tli 
maximum of which was usually somewhere around 572 degrees 
Kahr. (300 degrees Cent.). 

Prompted by the reports on the effect of hydrogen gas upon 
the properties of iron which have been made by various invest 
gators, as well as by some suggestive results obtained previous|) 
in another Bureau investigation along this line (Table [, not 
‘a’’), the authors attempted to connect the observed irregularity 


in the thermal characteristics of the iron with the influence 0! 
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»vdrogen on the iron. The results indicated that the phenomenon 
«as much more likely to occur in iron which had been heated and 


; ooled in hydrogen than in iron which had not received such a 


‘reatment, as, for example, in vacuum-annealed iron. Hydrogen- 
‘reated iron showed the phenomenon only occasionally, however, 
nd not invariably. There was also some suggestion in the ex- 


ee 


nansion curves Of a “‘dying-out’’ of the phenomenon in succeed- 
ne runs on the same specimen, the preliminary treatment of 
which was essentially the same. 

[ron quenched in water after being heated in hydrogen, the 
quenching being carried out directly from the hydrogen atmos- 
nhere, showed no greater tendency toward the phenomenon than 
‘ron merely heated and cooled in the hydrogen atmosphere. Ileyn*! 
had previously concluded that such a treatment would cause enough 
hydrogen to be retained in the iron to modify its mechanical 
properties very materially. 

Thermal analysis showed definitely that the effect of ‘‘eath- 
odie’? hydrogen in iron, that is, hydrogen taken up and retained 
by the iron when made the cathode of an electrolytic cell (dilute 
sulphurie acid in this instance) is distinctly different in its ef- 
feets on the heating curve from the irregularity under discus- 
sion. Specimens of each of the two kinds of iron used, when 
charged with ‘‘eathodie’’ hydrogen showed an absorption of heat 
ipon being heated. The absorption began not far ahove room 
temperature and was completed somewhat above 392 degrees Fahr. 
200 degrees Cent.) whereas the other effect, when it appeared, 
manifested itself as an evolution of heat at a distinctly higher 
temperature. 

Chemical determinations of the ‘‘gas content’’ of the open- 
learth iron used indicated an appreciable amount of oxygen, 
somewhat variable according to the position in the bar of the 
sample used, and also a detectable amount of hydrogen. The 
same material after being heated in an atmosphere of hydrogen 
in the same manner as in the other tests, showed no more hydro- 
gen than the iron in its initial state or after having been annealed 
in vacuo. The average oxygen content of the iron after the hy- 
drogen treatment, was probably somewhat lower than _ before. 
The conclusion that the irregularity noted in the thermal be- 
havior of iron is not a direct result of the simple presence of 


10. 











2o4 TRANSACTIONS OF THE A. 8. 8. T. \ 


hydrogen, as such, in the iron would seem to be warranted. I 
was observed that the specimens of iron prepared by reducing 


iron oxide by means of hydrogen behaved most consistently ,: 


all the materials used so far as the repetition of the phenom 





‘hon 
under discussion in successive runs is concerned. 





the possible dependence of this phenomenon upon some conditioy 


The hy. 
drogen-reduced iron after fusion in vacuo (Specimen 20). Tah), 











resulting from the presence of iron oxide in the iron. 











[), also was found to show the irregularity in its heating eypy, 





The material, upon microscopic examination, however, shove 
numerous iron oxide inclusions in its microstructure perhaps on 





account of incomplete initial reduction, and hence was in exsey 
tially the same condition as the open-hearth iron and micht shoy 
the phenomenon for the same reason. 











The peculiar condition in iron containing appreciable amounts 
of iron oxide conducive to the occurrence of the observed ‘ jrreg 
ularity’’ in the thermal the material which might 
result from treatment with hydrogen may perhaps be of the san, 








behavior of 











nature as that revealed by the X-ray examination of iron pre 
pared by reduction of the oxide. 





As previously stated, the study 
of the erystal structure of the iron, by means of the X-ray dif 
fraction method gave results which differed materially in one es 
sential respect for iron reduced by hydrogen from oxidized ele: 
trolytic iron and the same iron in its initial, or untreated, stat: 
The difference, which was essentially in the number of the bands 




















in the diffraction patterns produced under identical conditions, 





was interpreted as one of grain size. 





Hydrogen-reduced iron, ac 
cording to this interpretation, has a very much finer grain tha 
iron in the ordinary condition. 











In this respect, it resembles th 
finely divided metals prepared by reduction of metallic oxides 
at low temperatures.**? Wyckoff and Crittenden** found in thei! 
study of iron oxide eatalysts (Fe,0,) when reduced with hydro 
gen that ‘‘whereas the individual crystals of fused magnetite are 
very large (at least several millimeters long) the erystalline iron 
produced by reduction (with hydrogen) is always so fine-grained 
that no grinding is needed to give a perfect powder photograph. 
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EFFECT OF HYDROGEN ON IRON 
They also obtained evidence of pronounced grain growth upon 
veheating the hydrogen-reduced pure iron. This is in line with 
Jeffries and Archer’s** discussion of reerystallization of fine metal 
powders upon heating. They have shown that grain growth may 
he obtained even in briquets of sintered metal powders as free 
‘rom strain as possible. The recrystallization of such very finely 
Jivided metal upon heating might be expected to be accompanied 
hy an evolution of heat. Whether this would be pronounced enough 
vs he detected by the methods used would depend upon the rel- 
ative amount and distribution of the fine-grained iron in the 
sunple under observation, Tammann and Nikitin have set 698 
degrees Fahr. (370 degrees Cent.) as the approximate recrystal- 
livation temperature for finely divided iron made by the redue- 
tion of the oxide, the conclusion being based upon a study of 
the pyrophorie characteristics: of iron prepared under different 
conditions. 


SUMMARY 


1. The results of the investigation do not confirm the con- 
lusion reported by Sirovich as to a polymorphic transformation 
i ferrite at 698 degrees Fahr. (370 degrees Cent.), although they 


‘ 


do indicate an “‘irregularity’’ in the behavior of iron when heated 


at about this temperature. 

2. This irregularity was shown by both thermal analysis 
the inverse rate method), and by thermal expansivity measure- 
ments. The phenomenon, when it does appear in thermal anal- 
ysis manifests itself as an evolution of heat upon heating, spread 
over a temperature range of 100 degrees or so and showing its 
maximum around 572 degrees Fahr. (300 degrees Cent.). 

3. Iron treated with hydrogen by being heated to a rela- 
tively high temperature in an atmosphere of hydrogen and then 
cooled within the same atmosphere exhibits a greater tendency 
toward this phenomenon than does similar iron not subjected to 
the hydrogen. 

t. QOpen-hearth iron, after being heated in hydrogen ap- 
pears to have a greater tendency for this phenomenon to occur 
than electrolytic iron treated in a similar manner. Tron _ pro- 
duced by reduction of the oxide by means of hydrogen showed 
the most pronounced tendency of any of the materials examined. 


el , Z, and Archer, R. S. The Science of Metals, p. 133, McGraw-Hill Book Co., 
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o. Iron charged with hydrogen by being made thie 
in a suitable electrolytic cell shows an absorption of heat who, 
heated. The reported transformation in ferrite is associated yj) 
an evolution of heat and occurs at a distinctly higher temperaty), 

6. The open-hearth iron used was found to have a very ap 
preciable but variable oxygen content, according to the positiy 
of the sample in the bar. Detectable amounts of hydrogen \), 
also found in this material, the amount in the iron after )eiyy 
heated in hydrogen was no greater than in the iron in its jy} 
state. The conclusion seemed to be warranted that the irre 
ularity observed in the thermal characteristics of the iron ws 
not to be attributed simply and wholly to the presence of hyd, 
gen, as such, in the iron. 

7. Examination of the crystal structure by X-ray o| 
prepared by reduction of the oxide by hydrogen indicated a yer 
mueh finer grain size for such material than for iron in the ordi 
nary condition. 


1PO! 


8. A possible explanation suggested for the heat-evolutio 
in the neighborhood of 698 degrees Fahr. (370 degrees Ceut 
occasionally observed during the heating of iron is the reerysti 
lization of very fine-grained metal such as might result on redu 


tion of iron oxide by hydrogen. The temperature of 698 degrees 


Fahr (370 degrees Cent.) has been set, independently, by pr 
vious investigators as the recrystallization temperature of ver 


finely divided iron obtained by the reduction of oxide by hyd 

gen. The greater oxide content in the open-hearth iron as com 
pared with electrolytic is in agreement with the more pronounced 
tendency for this material to show the ‘‘698 degrees Fahr. (31\) 
degrees Cent.) irregularity’’. 

This investigation was undertaken upon a suggestion made 
by Dr. H. W. Gillett, Chief of the Division of Metallurgy, ani 
his advice and criticism as the work has progressed have beet 
very helpful. 

The authors wish also to thank H. C. Cross for the help given 
in carrying out a number of the thermal analyses reported and 
to W. T. Sweeney for assistance in the expansion tests. 
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HARDNESS AND TOUGHNESS OF HIGH SPEED STEEL 
AS AFFECTED BY HEAT TREATMENT 


By Ropert K. BARRY 


Abstract 


The physical properties of high speed steel can be 
rather closely controlled by the manner of heating, cool 
ing, tempering and drawing. 

A survey of the available work on th is subject leaves 
many possible questions unanswered. It seemed desir- 
able then to complete a series of tests covering those heat 
treatments with which the author was familiar. 

The results of these tests are offered in this paper. 


MATERIAL 
POLISHED cold drawn drill rod 0.072 inch in diameter was 
A used in making these tests. The analysis was carbon 0.70 
ner cent, tungsten 17 to 18 per cent, vanadium 1 per cent, chro- 


mium 3.00 per cent. 


PREPARATION OF MATERIAL 
A separate rod furnished the material for each one of the 
ten distinet investigations. For example—Fig. 1 covers five dif- 
ferent hardening heats. In preparing the test pieces for Fig. 1, 
four adjacent pieces 2 inches long were eut from the rod and 
the four pieces were put into a bundle. This operation was re- 
peated until five bundles had been prepared. Forty inches of 

rod was required for the data given in Fig. 1. 


Metruop or TEST 


The method of material preparation just outlined furnishes 


a maximum number of test pieces from each short rod with a 
negligible variation in condition and composition. The four pieces 
in any bundle will receive exactly the same heating, cooling and 
drawing, a condition of uniformity seldom encountered in other 
methods of testing. Hardness and deflection values for each one 
[ the four pieces in any bundle were uniform and were aver- 
aged to give the value for the bundle or heat treatment. Fifty 
bundles (200 pieces) were tested, and of this number thirty bun- 
; A paper presented before the Cleveland Convention of the Society, Sep- 
mee’ 1925, ‘The author, Robert K. Barry, is in charge of heat treating, 
itry Company, Museatine, Lowa. 


257 





258 TRANSACTIONS OF THE A. 8. 8. T. 









dles (120 pieces) had a deflection variation of less tha 

an inch for each one of the four pieces in any bundle. 
A comparison of the variations for any one heat 

with those resulting from impact tests proved interesting 








latter showing a marked variation for the several test pi 





for any test, and inconsistent results with changes in 





ment, the length of impact test specimens increases the 
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1—Hardness and Deflection Curves Showing 
the Effect of Hardening Temperature on High Speed 
Steel. No Draw Except as Noted. 

















of the physical and chemical condition. 


This, together with 
difficulty of separately hardening, quenching and drawing se\ 
eral pieces exactly alike, may, in part, account for the wide dis 
erepancies encountered when making impact tests. 

Deflection tests were made with a slow bending machine | 





























during the uniform application of pressure at the center 0! | 
piece. 














inch on a drum integral with the camshaft of the machine. [tea 














by the snap. 








tester—Values are similar to Rockwell—C. 





The amount of deflection was indicated in 0.001 of a 
















which the 2-inch long test piece was supported near each end 
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ings were taken at the instant of rupture, which was apparel 
Hardness tests were made with a Barry hiardnes 
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HARDNESS OF HIGH SPEED STEEL 259 


PRECAUTIONS 


In addition to the usual precautions observed in conducting 
rocts of this nature, a preliminary study was made of the time 
aleoment in the high heat to assure the full hardening effect for 
each temperature used. The frequency with which we find a de- 
‘ded loss in hardness after a high draw indicates the importance 

the time factor. 

The opinion persists that inferior tool performance can more 
frequently be attributed to insufficient time in the high heat, and 
not to oversaturation. 


Draw Harden at 2300° ~ Quench in Oil 
None 500° @00° 700° oor 900° (000° 1100° (200° 


Barry Mardness 
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Deflection in oo of ich at 


Fig. 2—Hardness and Deflection Curves Showing the Effect of Tempering Tempera 
Steels Oil Quenched from 2300 Degrees Fahr. Drawn as Shown. 


In respect to the data shown in Fig. 1, it will be noted that 
‘he initial hardness increases as the quenching temperature is 
raised from 1900 to 2400 degrees Fahr. The dotted line indicates 
the effect of a high draw on steels hardened at the temperatures 
noted, and shows the absence of secondary hardness when quench- 
ing trom low temperatures. It is interesting to note the rapid 
nerease In the initial hardness when quenching from above 2100 


degrees Fahr. The deflection or toughness decreases as the quench- 


ing temperature is raised, rapidly at first and then more slowly. 
)9 + . ° . 
At 2300 degrees Fahr. the rate again increases rapidly. 
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Fig. 2 shows the effect of drawing temperatures 
oil-quenched from 2300 degrees Fahr. Thirty-two p 


+ 
SN] PE 





hardened at one time and then drawn as shown. ‘1 






degree Fahr. draw produced maximum hardness and doef 
The 600-degree Fahr. draw resulted in the lowest hardness. 





Marden at 
2200° 


Deflection in .001 of Inch 









Fig. 3—Hardness and Deflection Curves Showing a 
Comparison Between a 2200 and a 2300 Degree Heat, Oil 
Quench, When Drawed at 500 and 1020 Degrees Fahr. 
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Fig. 4—Hardness and Deflection Curves Showing thr 
Effect of Variation in Drawing Time After Hardening from 
2300 Degrees Fahr. in Oil. 







lowest deflection followed a 700-degree Fahr. draw. Drawins 
to 600, 700 and 800 degrees Fahr, gave generally poor results. 

It would seem as though a distinct difference obtains betwee! 
the effect of the softness produced by a 600 and a 1225-degre 
Fahr. draw. Effect of variations in the drawing time and tel 
perature on steels oil-quenched from 2300 degrees is shown in Fig. + 
The deflection test value for the 1200-degree Fahr. draw should ) 
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y other investigators, as it is agreed with and disputed 





tests. 
ne dj ‘iv. 3 shows a comparison between a 2200 and a 2300-degree 
™ wahy. high heat oil-quench when drawing at 500 and 1020 de 
me aN rrees Fanr. 
Heat to- 2300° 230° 230° 
For 40 Sec For 50 Sec For 80 Sec .~Sweat 
65 Slightly 
64 
h 
2| 63 
vo 
3 
Si @ 
61 
E| 60 
59 
e 065 
é 
a 
S &/.060 
& 5 
& © 4.05) 
a 
at 
” ¥ BR) 
. & S| 045 
Fig 5 Hardness and Deflection Curvy 
Showing the Effect of Time at 2300 Degree 
Fahr., Oil Quenched, and No Draw Except 
as Noted. 
When toughness is more important than either initial or 
ndary hardness, the lower hardening heats will generally give 
vood results. The higher temperatures, that is, 2300 to 2400 de- 
vrees Fahr., must be used when maximum hardness is required. 
‘he range 2200 to 2300 degrees Fahr. seems to be a stable one. 
‘rom a hardness consideration only, high speed steel can be 
1) drawn. When the maximum drawing effect has occurred 
rawine 


ther the time required has been thirty minutes or several 
us, then a continuation of the draw will result in a gradual 
(duction in the hardness without a compensating increase in the 
leflection. If the draw is sufficiently prolonged the tool will not 
in its file-hard condition. Impact tests may show increased 
chness after severely prolonged draws in which event tools 


‘t to shock could well be given a long draw. Deflection tests do 


and tem- 
in Fig. 4 
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not indicate a marked increase in toughness after a great) 
longed draw. If there is an increase in toughness, may 

associated with a slow change in the martensite. When dpa 
ing in salt, more time should be allowed than where |eaq 
used. This applies only where short time drawing treatments hay, 
been the practice. 


\ 1) 
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Quench Oil Ou Oil Salt akti20° = Salt at 120° Salt ai 1120" 
500° 1000° None 50° 1000° 
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Fig. 6—Hardness and Deflection Curves Showing the Comparison 
Between an Oil and Salt Bath Quench from 2300 Degrees Fahri 
and Drawn as Shown. 
Fig. 5 shows the effect of time in the high heat at 2300 degrees 
Fahr., with an oil quench and no draw, except as noted. 
Insufficient time at the high heat results in a lower initia 
hardness and a condition whereby subsequent drawing treatments 
will dangerously soften the steel. Excessive time at the high li 
reduces the deflection causing brittleness but does not imp 
the hardness to a noticeable degree. In general a sliglit ov 
time is preferable to undertiming. The dotted line in Fig. » 
shows the effect of a high draw. Refer to the text under thie head 
ing ‘‘Precautions’’ for further comments on this matter of time. 
Comparison between an oil and salt quench from a 2»! 
degree Fahr. high heat is shown in Fig. 6. The salt quench wit! 
out a subsequent draw gave 0.023 inch more deflection than th 
oil quench, no draw. Salt-quenched steels should be drawn 
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Heat to~ 2300° 2300° 300° 
Quench in~ Salt at 1100° Salt at 1200° Salt at (300° 


09% 
c a 
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Fig. 7—Hardness and Deflection Curves Showing the Effect 
f the Temperature of the Salt Quenching Bath When Quenched 
from 2300 Degrees Fahr. No Drawing Treatment Used 
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Fig. 8—-Hardness and Deflection Curves 
Showing the Effect of Time Immersion 
in Salt Quenching Bath When Quenched 
from 2300 Degrees Fahr. No Draw. 
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at 2300° Quenchin Oil. 
Ne-Anneal Anneal at |600° 
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_ Fig. 9—Hardness and Deflection Curves Show- 
ing the Effect of Rehardening Without Anneal- 
ing. 2300 Oil No Draw. 
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maximum toughness is required. 


reverse condition seems to obtain. 


given the same drawing treatment. 


Hardness Curve 
the 


Salt 


draw. 











conditions, especially where the quench 


2300° 
Salt at |175° 
Oil 


Showing the 
Quenching 


W hen 


THE 


Bath. 


The hardness values 
similar for both methods of quenching. 


However, nun 


than oil-quenched, when no draw is given. 


plated, the bath should be maintained between 


A fter dr 


The deflection is 
salt-quenched steels than for oil-quenched steels, each having jon 
Prolonged draws 
move the slight differences encountered. 


1150 


have indicated that salt-quenched steels will average slio}h} 
| 


cl 
cl 


1 


hy 
Lil 


ing bath, no draw. When quenching in salt with no dray 


Fig. 7 shows the effect of the temperature of the sali 


degrees Fahr. to obtain good hardness and fair toughness () 
ing into salt at 1300 degrees Fahr is not 


advisable under or 


would be prolonged 


2300° 
Sat at 1175 ° 
Water 














Kffect of time in the salt-quenching bath is shown 
The temperature of the bath was 1150 degrees Fahr., 


the 


Effect of the 


steel being 


quel 
had reached the color and temperature of the salt-quenching 
it should be removed, for 


a prolonged immersion did not incr 


The effect 


ot 
persists, so much so that it seems almost impossible to resto! 
steel by any suitable annealing process. 


the deflection, and under certain bath conditions might tend | 
crease the hardness. 


degrees Fahr., oil-quench, and no draw is shown in Fig. 9. 
The result of rehardening without an interhardening 
reduces both the hardness and deflection. 


A hardness 
Sensitive than a deflection test in detecting an overheating 


The effect of rehardenine without annealing. high heat 23 
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P65 


10) shows the effect of the rate of cooling from the salt- 


amehine bath to room temperature. The rate of cooling from 
| ; ath should not be too rapid, particularly when treating 

oht pieces. The effect of water cooling after salt-quenching is 
! a as a means of showing the close relation between low deflec 
: om iid a highly accelerated final cooling. 


It is assumed that the hardness value might be similar for 


hree met hods. 
(CONCLUSIONS 


Se . ‘he hardness and toughness of high speed steel may not 
: the best method of determining quality. Fortunately, how- 
er, the practical treater knows that certain reactions to defi 
tests parallel high tool efficiency. 
No doubt, other methods of testing will be developed and 
irate comparisons can then be made, but until then it 
vht be well to adhere to hardness and toughness tests as a 
sure of the working ability of a given tool. 
The writer wishes to thank the following for their interest 
nd suggestions during the preparation of this paper: A. E. 
Bellis. J. P. Gill, A. H. d’Areambal, J. K. Strauss. H. J. Freneh 
nd R. S. Areher. 


Written Discussion: By M. A. Grossmann, United Alloy Steel Co., Canton, 


2 Many thousands of tests have shown that when high speed steel is broken 
- it is more brittle after tempering at 1100 degrees Fahr. than after 
: pering at 900 degrees Fahr. According to recent tests at the Bureau of 
7" St rds, in which impact was compared with slow bend, the same trend was 
ie | | served in the two kinds of test. That is to say, when comparing two 
Inereast terials in impact and in slow bend, the one which was more brittle in impact 
d4 vas also more brittle in slow bend. By analogy, high speed steel when 
1100 degrees Fahr. should be more brittle under slow load than 
empered at 900 degrees Fahr. A well-known manufacturer of high speed 
- s has stated that this is the case, without however offering definite data. 
vriter wishes to emphasize the fact that high speed steel is more 
Wn in impact when drawn at 1100 than when drawn at 900 degrees Fabr., 
harde had to point out that if this relation does not hold in slow load, then the 
Lis ference in deformation must be explained. 
Sl Author’s Reply to Discussion 
} \) 


mpact test shows steel hardened at 2230 degrees Fahr. is toughest 


npered at 880 degrees Fahr. If so, what does this mean in relation 
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to tool performance? Should we assume then that in 


order to 
conditions a cutting tool can be advantageously tempered to x 
degree, otherwise an impact test that indicates a low drawn sy). 
tougher than one tempered at 1100 degrees Fahr. has no practiea 

The high heat used and time at high heat have a direct bea 
issue but need not be discussed at this time. 























Should we conclude that mere softness or at least inferior seen) 





ness means strength, if so, we must ignore the apparent contradicti: 


nhs 





paning low and very high draws as for example 600 and 1300 degr 
or higher. 








A physical test interpreting only one kind of stress may by 
practical problems when it is substantiated by actual work tests. 


To conelude that a eutting tool will be strongest if tempered at &x\ 
g g | 











Fahr. because impact test data so indicates, may be safe reasoning 


certain the stresses on the tool will be entirely dynamic, however thy 








dynamic stress can lose its distinctive nature so closely will it he 








with the static tensile compressive and torsional stresses which must by 








or resisted. Therefore it is possible for an impact test to indicat: 
treatment to be superior and then find that actual work tests do not 
stantiate the test data. 

















one given the high draw because of the inferior hardness produced 
draws. The greater impact toughness of the low drawn tool is compe: 
for in this way. 























In this connection it is significant that maximum general too! effi 
with the highest fiber stress tensile strength and deflection are develoy 
tempering temperatures considerably above 880 degrees Fahr. 











When comparing the valve of impact tests with slow bend tests, 





Ni 








factors should be considered, namely, consistency, accuracy, sensitivit) 
verification. 











The author of the paper under discussion has observed impact tests 
were most inconsistent. 











[It would seem permissible to compute an average test value for an) 


treatment, provided the several tests from which the average had bee! 











tained were reasonably close. However, when the test values varied as m 











should hesitate to use such highly inconsistent results in determining an 
value for the treatment under investigation. 











A tool tempered at 880 degrees Fahr. will be more severely stressed + 


three hundred per cent for a single group of test pieces similarly treated \ 


col 
sal 


Li 


()': 
ti 
gecur 1 
to atm 
ber of 
diagra! 
graphi 
in all 
7 

cast 1 
typicé 

into 1 

are © 

cond 

uble 

othe 


Educational Section 


‘hese Articles Have Been Selected Primarily For Their Educational 
And Informational Character As Distinguished From 
Reports Of Investigations And Research 


THE CONSTITUTION OF STEEL AND CAST IRON 
PART III 


By F. T. Sisco 


Abstract 

The present installment discusses the solidification 
vi binary alloys whose component metals are insoluble 
in the molten state, resulting in the formation of eutec- 
tic alloys; and the solidification of binary alloys whose 
component metals are soluble in the solid state or solid 
solutions. The properties of eutectics and solid solu- 
tions are described and their structure illustrated. 


UR previous discussion was concerned with the determina- 

tion of the temperatures at which constitutional changes 
vecur in metals and alloys when they are cooled from the molten 
io atmospheric temperature and with plotting of these for a num- 
ber of alloys of the same series, resulting in the equilibrium 
diagram. We have noted that the equilibrium diagram gives a 
vraphie representation of the constitutional changes that occur 
in all of the alloys of the series. 

The next step in our study of the constitution of steel and 
cast iron is to discuss the constitutional characteristics of two 
typical classes of alloys, the two classes that enter importantly 
into the constitution of the iron-carbon series. 


These two classes 
are eutectic alloys and solid solutions. 


lf we mix two molten metals we may have either of three 
conditions prevailing: the molten metals may be completely sol- 
uble in each other; they may be completely insoluble in each 
other ;** or they may be partially soluble in each other. 


‘T+ 


probable that a condition of complete insolubility does not exist in molten metals. 
apparently insoluble at a temperature slightly above their melting point become appre 
soluble at higher temperatures. An example of this is aluminum and lead, At tem- 

slightly above their melting points they separate into two distinct layers, like oil 
ter As the temperature rises, the miscibility increases until the layers disappear. 
cal purposes, however, we may say that some pairs of metals are insoluble in the 


Met 


t 
i¢ 
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author, F. T. Sisco, is metallurgist Air Service, War Department, 
Mield, Dayton, Ohio. 
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In the solid state we may have the same three pos 
two metals may be completely insoluble in each other: 
be completely soluble in each other, or they may be 
soluble in each other. 






In addition to the above conditions prevailing in 
two metals, the metals may react with each other to forn 
ical compound which in turn may be soluble, insoluble 
tially soluble*® in either or both metals. 







To obtain a clear comprehension of the constitutioy 
iron-carbon series a study of two classes of binary alloys 
(1) Alloys completely soluble when molten a) 
soluble in the solid state. (2) Alloys completely soluble 
the molten and solid state. 


necessary ; 







The first results in the formation of eutectic alloys 


of the second class are known as solid solutions. 








SOLIDIFICATION OF BINARY ALLOYS 


WHOSE 
THE 


COMPONEN1 





ARE INSOLUBLE IN SOLID 






STATE 








As an example of binary alloys whose component metals 







insoluble in the solid state we will consider the cadmium-bisy 
series. The constitutional diagram for this series is shown 





Fig. 9, 








In the previous discussion we constructed this diag 
from the cooling curves of several alloys of bismuth and ecadn 

in Fig. 9 the cooling curves have been omitted. The line Ab 
was drawn through the upper arrest points of the alloys 
represents the liquidus or temperature where solidificatio. 
vins; the line DBE was drawn through the lower arrest points 
of the alloys and represents the solidus or the temperature whe 
solidification is complete. Let us follow the cooling of three al 
of bismuth-cadmium from the molten state to atmospheric te! 


perature and note the constitutional changes taking plac 
ing cooling. 








At 617 degrees Fahr. (325 degrees Cent.), point X, ig. ! 
an alloy containing 25 per cent bismuth and 75 per cent cadmiun 
is wholly molten. 







This alloy cools unchanged to 509 degrees ali 
(265 degrees Cent.), point X*. Here an evolution of heat occurs 


**For example, aluminum and copper 
Copper is slightly soluble in aluminum. 
eutectic with the CuAlb. 


combine to form the chemical comp 
The solid solution of copper in aluminu! 





264 binary 


allov is an alloy of two metals. 
alloys. The ir 


Alloys of three metals are 
n-carbon alloys are 


classed as binary alloys. 
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eadmium starts to separate out of the melt. As the 


and ' 7 s 
romperature drops from 509 degrees Fahr. (265 degrees Cent.) 
LCi pes 


ty 295 degrees Fahr. (146 degrees Cent.) more cadmium solid- 
Q ave S 


‘oc enriching the remaining liquid in bismuth until at the latter 
remperature, point X°*, the remaining liquid has a composition 
Cli} . 7 . . ° 

orresponding to point B on Fig. 9, or 61 per cent bismuth and 


ol% Bi 
392%Cd 
7’ 
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Percent Bismuth 0 10 
Percent Cadmium 100 90 50 


Fig. 9—Constitutional Diagram of Bismuth-Cadmium Alloys. 


) per cent cadmium. This is the eutectic alloy and solidifies 
at a constant temperature. 

As the temperature drops from 509 degrees Fahr. (265 de- 
grees Cent.), point X*, to 295 degrees Fahr. (146 degrees Cent.), 
point X*, the composition follows the curve AB; in other words, 
the amount of cadmium in the melt is decreased by the solidifica- 
tion of the pure metal and as it decreases the percentage of bis- 
muth increases proportionally along the abscissae that intersect 
the line AB. 

Krom Fig. 9 we can determine the ultimate composition of 
any alloy at any temperature. For example, at 617 degrees 
Nahr. (325 degrees Cent.) an alloy containing 25 per cent bis- 
muth is wholly molten. When it has cooled to 437 degrees Fahr. 


per 


22) degrees Cent.), point X?, we note from Fig. 9 that it is 














270 


TRANSACTIONS OF THE A. 8. 8. T. 






partly solid and partly molten; it is in the mushy stag 

the liquidus AB and the solidus DB. By drawing th abscise 
MM* through the point X* we note that it intersects the liquigy 
at M* corresponding to 41 per cent bismuth. Hence at 437 de. 
grees Fahr. (225 degrees Cent.) the alloy contains solid cadmiy 
and molten metal containing 41 per cent bismuth and 59 , 
cent cadmium. ‘ahr. (146 degrees Cent.) si, 
will pass through point B. Aj 29: 
degrees Fahr. (146 degrees Cent.) the alloy consists of solid 
mium and molten metal*? containing 61 per cent bismuth 
39 per cent cadmium. 

What actually takes place when alloy X is cooled is thi 
at 617 degrees Fahr (325 degrees Cent.), point X, molten 
mium and molten bismuth are in solution in each other. At this 
temperature the two molten metals are in equilibrium. Let , 
consider molten bismuth as the solvent and molten cadmium a 
the solute.** At point X the solution is undersaturated. 

Now as we cool to 509 degrees Fahr. (265 degrees (Cent. 
point X*, the solution of cadmium in bismuth becomes mo 
nearly saturated until at point X* it is exactly saturated. s 
soon as point X* is passed in cooling the solution becomes supe 
saturated and the equilibrium is disturbed. Consequently ca 
mium solidifies*® and the equilibrium is restored. But as soo 
as this has occurred the alloy has cooled further and it is agai 
supersaturated. Hence more cadmium solidifies. This conti 
ues until a temperature of 295 degrees Fahr. (146 degrees Cent. 
point X*, is reached. 








ey 


At 295 degrees 
abscissa drawn through X° 
















\ 














Here all of the excess cadmium has solid 
ified and the remaining melt is of eutectic composition. 

The eutectic is an alloy of definite composition and solidifies 
at a constant temperature, hence no more pure cadmium solidifies 
instead the cadmium-bismuth eutectic freezes.*° 

Alloy Y containing 61 per cent bismuth (Fig. 9) is of eutectic 
composition, so it cools unchanged to 295 degrees Fahr. (14! 











77We are assuming that the temperature is just slightly above 295 degrees Fal 
is the solidification point of the eutectic. 


*8Strictly speaking, this statement is not exactly true, but for purposes of discuss 
nsidered so. 


be ce 





~Currying the analogy with our sugar and water example further, we might sa 
tallizes out of solution. 







“For a full discussion of the solidification of binary alloys based on the phase 
reader is referred to Hoyt, ‘‘Metallography-Principles,””» McGraw-Hill Book Company 
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degrees Cent.), point Y', at which constant temperature the whole 
alloy solidifies. In this case the proportion of cadmium and bis- 
ie, muth are such that they are in equilibrium with each other at 
all temperatures. 

In the ease of the 85 per cent bismuth, 15 per cent cadmium 
alloy, Z, Fig. 9, we have a condition analogous to alloy X. At 
617 decrees Fahr. (325 degrees Cent.), point Z, the alloy is wholly 
molten. It cools unchanged until 410 degrees Fahr. (210 degrees 
Cent.), point Z’, where pure bismuth starts to solidify. As the 
temperature falls bismuth continues to solidify enriching the melt 
‘y cadmium. At 347 degrees Fahr. (175 degrees Cent.), point 
72. the alloy consists of solid busmuth and molten metal of the 
composition measured by NN! or 74 per cent bismuth and 26 per 
nt cadmium. When the temperature has fallen to 295 degrees 
ahr. (146 degrees Cent.), Z’*, all of the bismuth in excess of 
the eutectic ratio has solidified. At this temperature the eutectic 
becomes solid. 

Below the solidus line DBE all of the alloys of bismuth- 
‘admium cool unchanged to atmospheric temperature. The solid- 
ification of the iron-carbon alloys takes place in much the same 
way as the alloys of bismuth-cadmium, but in addition have fur- 
ther changes taking place in the solid state. 


NATURE OF EutTEcTIC ALLOYS 


The word eutectic is taken from the Greek, meaning ‘well 
melting’. We have already noted that eutectic alloys behave 
» very similarly to pure metals in that they have a definite freez- 
idifies ' ing temperature. This freezing temperature is always below the 
» freezing (melting) temperature of the metals making up the 
illoy.™ 
utect A characteristic of the eutectic that differentiates it from 
14 ; the chemical compound is that it contains its components in 
(lefinite proportions which usually are not simple atomic or for- 
ila proportions. 
Kutectics are nearly always fine-grained. When the eutectic 
is molten the atoms (or molecules) are in a state of high disper- 


law of Raoult states that the addition of one molecule of B to A will lower its 
nt by an amount which is independent of the nature of B. This law holds for 
ions and in case the solid phase which separates out is one of the pure components 
Cit., page 18), 
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sion. When solidification occurs there is enough heat liberat 
to hold the temperature constant for a considerable time, Thi 
time is sufficient for the atoms (or molecules) to segregate jn 
solid crystalline masses of like kind large enough to be seen dix 
tinetly by the microscope. There is not enough time ayailabj 























however, for the masses to collect into large crystal aggregate 
as is usual in the slow, normal solidification of a pure metal. 

In solidifying, the eutectic may assume a variety of forms 
The most common form is shown in Fig. 10, the eutectic® ap 
of bismuth and tin, in which the constituents are in the form ‘ 
laminated plates, mostly in a parallel arrangement. The lam; 
nated structure suggests that the two constituents have differen; 
velocities of crystallization or that the particles of the phase 
erystallize alternately.** 

Eutectics may also have a globular, or angular structure 
Fig. 11, the binary eutectic of aluminum and the chemical con. 
pound Mg,Si** shows the angular form encountered in aluminu 
alloys. In these alloys the angular eutectic may often be changed 
to the globular form by the addition of 0.02 per cent of sodium. 

In cast iron we encounter a eutectic which consists of austen- 
ite (a solid solution of carbon in gamma iron) and cementit 
(iron earbide Fe,C). <A representative structure is shown i 
Fig. 12.°° We will discuss the formation of this eutectic in de- 
tail later. 

The structure** of annealed steels of approximately 0.85 per 
eent carbon is shown in Fig. 13. The laminated structure is s 
nearly like a eutectic in appearance that this constituent in steels 
is known as the eutectoid. This constituent will also be discussed 
in detail in a later installment. 

If we compare Fig. 12 with Fig. 10 the simple eutectic 
of bismuth-tin we find that both have the characteristic laminated 
appearance. Fig. 10 is a eutectic of two pure metals, while Fig 
























12 is a eutectic of a solid solution and a chemical compound ee 
LHUS 
S2Desch Metallography, Longmans, Green & Co., 1913, Plate V, page 186. “Onsti 
83Desch Loc. cit., page 185, also R. Vogel, Zeitsch., Anorg. Chem., 1912, Vol. 76, 4 solid 
‘Daniels Properties of Some Sandcast Alloys of Aluminum-Magnesium Silicidé 
Industrial and Engineering Chemistry, In Press. 
Jeffries and Archer, Science of Metals, McGraw-Hill, 1924, page 345. | 


%Howe, Metallography of Steel and Cast Ircn, McGraw-Hill, 1916, Plate III 


From Metallurgical Files, McCook Field. 
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Fig \—Eutectic Alloy of Bismuth and Tin. .200X. Fig. 11 
nd Magnesium Silicide. Etched with 0.2 Per Cent Hydrofluoric Acid. 500X. 
Cast Iron. 180X. White Areas—Eutectic Cementite. Dark 
Fig. 183—Eutectoid Pearlite. Carbon 0.85 Per Cent. Etched in 
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Eutectic Alloy of Alumi 


Alcholic 


Fig. 12 
Areas—Eutecti« 
Nitric 


Fig. 11 is a eutectic of a pure metal and a chemical compound. 


‘onstituents, either or both 


solid solution or a chemical compound. 


Hypo-EuTEcTIC 


In the case of a series of alloys of two metals insoluble in 


AND 


of which 


may 


be 


Hyper-EuTECTIC 


a pure 


ALLOYS 


metal, 


Thus we see that a eutectic is an aggregate of two (or more) 


a 


the solid state only one alloy of definite composition is the eutectic. 
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Referring to Fig. 9 it is seen that the alloy of bismuth-cadmj, 
containing 61 per cent bismuth and 39 per cent cadmiur Doin 
B, Fig. 9) is the eutectic or alloy of lowest melting point. 

an alloy contains more or less than 61 per cent bismuth it js mad 
up of the eutectic and pure bismuth or cadmium. If the ajjy 
contains less than 61 per cent bismuth it is known , 
eutectic; if more than 61 per cent it is hyper-eutectic. In othe 
words, all alloys of a series lying to the left of the eutectic point 
on the equilibrium diagram are hypo-eutectie alloys and all tha 
have reference points lying to the right are hyper-eutectie, |, 


il 


Fig. 9, the alloy X containing 25 per cent bismuth and 75 per 
cent cadmium is hypo-eutectic and the alloy Z containing 85 Der 
cent bismuth is a hyper-eutectic alloy. 

As we shall see later, cast irons with less than 4.30 per cen 
earbon are hypo-eutectic and with more carbon are hyper-eutectic 
The same expression is used in steels:—With less than 0.85 pa 
cent carbon the steel is hypo-eutectoid and with more than (8! 
per cent, hyper-eutectoid. 

The structure of hypo- and hyper-eutectie alloys varies wit 
the percentage of the excess constituent. When the proportio 
of excess constituent to eutectic is relatively small it may oc 
as a network or as small islands in a matrix of eutectic. When 
percentage of excess constituent is relatively large, the conditions 




























as han, 


Oul 
may be just reversed; in this instance the eutectic forms a net loys of 
work or rounded or angular particles in the matrix of the pw state. 
metal. rest of 

Fig. 14 shows three alloys of copper-silver.** Alloy B may be 


the eutectic containing 28 per cent copper and 72 per cent sil\ standin 
= 


Alloy A which contains 15 per cent copper is hypo-eutect state ¢ 
The structure consists of a ground mass of eutectic containing into th 
large islands of silver, (with a little copper in solution). W solution 
might almost say that the ground mass was silver with a networ state a 
of eutectic. Alloy C contains 65 per cent copper and is hyp Th 
eutectic. In this case there is no doubt as to the relation betwee! to visu 
the eutectic and the excess constituent. The structure shows mediat 
sea of copper (with a little silver in solution) and reefs of eutect we ar 

The structural relationship between eutectic and the hy! familie 
eutectic and hyper-eutectic alloys is very important. uc! and tl 
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*Osmond-——from Sauveur, Metallography and Heat Treatment of Iron and 5 
page 426, 
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» knowledge of the constitution of iron and steel is based on 
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our ability to interpret the photomicrographs in terms of the 
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14A—Hypoeutectic Copper-Silver Alloy. Copper 15 Per Cent. Dark Constituent is 
PIES © <ilyer (Containing a Small Amount of Copper in Solution). 600X. Fig. 14B—Eutectic Alloy 
per-Silver. Copper 28 Per Cent. 600X. Fig. 14C—Hypereutectic Copper-Silver 
roport \ Copper 65 Per Cent Light Constituent is Copper (Containing a Small Amount of 
w n SS ition ) 600X 
lay 
When } : THE SOLID SOLUTION 
ond Our discussion up to this point has been concerned with al- 
ns al loys of two metals soluble when molten, but insoluble in the solid 
the state. This results in the formation of one eutectic alloy; the 
rest of the series are then hypo- or hyper-eutectic as the case 
] D ; one ; - 3 
Y 6 BS may be. The eutectic alloy enters importantly into an under- 
nt Siiv' standing of the constitution of steel and east iron. Another 
Cute! state common to alloys of two metals also enters prominently 


: | into the constitution of steel and cast iron and that is the solid 
solution. This is the result when two metals soluble in the molten 


y ih yr 
Pieri wi + 


state are also completely soluble when solid. 


S AY] The concept of the solid solution is ofttimes a difficult one 
bet to visualize clearly. To the average person the term solution im- 
shows mediately brings to mind the picture of a liquid. That is because 

tt ve are accustomed to correlating the term solution with such 
he hy] ‘amiliar things as sugar dissolved in coffee, salt dissolved in water 
\T) 


Luc! ind the like. Dissolving a solid in water is our most familiar 
ype.of solution. There is another type almost as familiar; a 
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liquid dissolved in a liquid. We know that when we 
water they separate into two distinct layers. The oil is 
in the water. When we add alcohol to water this does 
pen. The alcohol is completely soluble in water in al! 
tions; the alcohol, unlike the oil, does not separate out 
distinct layer. 














Into 
It remains in solution at all temperatures | 
its boiling point. 
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In certain pairs of metals we have the same condition. 





Th, 
only difference is in temperature. Steel workers who become 4 
customed to think in terms of high temperatures have no diffiey); 


Ail) 














person thinks of a liquid such as water at ordinary temperatiy 
If we heat 50 pounds of gold to 1945.5 degrees Fahr, (1\) 


degrees Cent.) it melts. If we heat it to 2500 degrees Fahr. (137 
degrees Cent.) it is a fluid and resembles a fluid in its properties 

















degrees Cent.) it melts and at 3500 degrees Fahr. (1930 deere: 
Cent.) it too is a fluid. Now, if we mix the two fluid metals 
have a solution of gold in platinum. Let us think of the platin 
as water and the gold as alcohol. For the present we may 
sider that the only difference between a solution of 50 pounds 
molten gold in 100 pounds of molten platinum and a solution 
a quart of alcohol in two quarts of water is one of temperatu 
They are both solutions. In other words, the atoms of gold ar 
highly and uniformly dispersed in the fluid platinum just as t 
alcohol is in molecular dispersion in the fluid water. 
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water, it is still in solution in the platinum, although the tv 











dispersed in the platinum*® and we have a solid solution. 

A solid solution is a condition whereby two substances ' 
tain in the solid state all of the characteristics held by thie 
when in solution in the fluid state. 


























*This is not strictly true but we may for the moment omit the slight hete! 
is the result of solidification. 








in thinking of a molten metal in the same way that the averay: 


If we heat 100 pounds of platinum to 3191 degrees Fahr. (17); 


If we allow the solution of 50 pounds of gold in 100 pounds 
of platinum to cool undisturbed, when it reaches 1900 degrees 
Fahr. (1040 degrees Cent.) it is all solid, but it is still a solution. 
The gold has not separated out from the platinum like oil fron 


metals are both solid. The atoms of gold are highly and uniform) 


Many pairs of metals are soluble in each other in the soli 
state. Among them are iron-cobalt; iron-nickel; iron-manganese 
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mium; nickel-manganese; cobalt-chromium; gold-plat- 
silver-gold; tungsten-molybdenum and many others*® <A 































wove number are partially soluble in the solid state. This gives 
vr ea to g condition whereby both a solid solution and a eutectic 
in possibly be present in the same alloy. 
1s hel One of the most common examples of a solid solution is glass.*! 
In this solid, the silica, lime and alkali are completely merged in 
n. 1 definite proportions. A number of slags, especially the hard 
come asslike vitreous slags from the acid open-hearth process are or 
diff egutain solid solutions. 
eran: \ solid solution may be either erystalline or amorphous 
per 
Ir, (ll 
r. (137 
POpel 
li wT 
- 
) deo a 
= 3 
e 
+ on 
it i} E 
platin -& 
lla 
OUNCS 
lution 
pel Fig. 15 —Cooling Curve of Two 
nl Metals Soluble in the Solid State. 
ST cs } . . . . . . 
metals it is usually erystalline—a solid solution may consist 
two or more pure metals; it may consist of a pure metal and 
) pou ' . ° ° 
chemical compound; it may consist of a pure metal and a 
gee?) 


eutectic alloy; or an alloy and a chemical compound. 

In steel the solid solution which we will consider is a solu- 
tion of carbon or iron-carbide in iron. If we accept the first con- 
pt our solid solution is of a metal and non-metal, if the latter 
















utorm ‘ true our solution is the metal iron and the chemical compound 
ron-carbide, Fe.C. 
inces | 
by th SOLIDIFICATION OF SOLID SOLUTIONS 
lt will be observed that in the cooling curve of an alloy of 
the solid ‘wo metals soluble in each other, two arrests will be noted, one 


nganest 
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s and Archer—Science of Metals, McGraw-Hill, 1924, Table XVII, page 268. 














tomary to consider glass a solid solution, although in reality it is a liquid 
nderecooled fluid of high viscosity. 
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at the beginning and one at the end of solidification.  ty,;, 
curve is shown in Fig. 15.42 The beginning of solidification | | 
the end of solidification C are marked by a change in 
tion of the curve rather than a distinct arrest and not—as jy, , 
case of two metals insoluble in the solid state—by a distinc 

























Fig. 16 
Each Other 


Constitutional Diagram of Two Metals Solublk 
in the Solid State. 








in the curve at the temperature where the eutectic freezes 
the latter case there will be a horizontal jog at the point | 
length of which is dependent upon the amount of eutectic s 
ifying at this constant temperature. 

Fig. 16 is a skeleton**® equilibrium diagram of a series 
alloys whose two components are soluble in each other in t 
solid state. At each end of the diagram is the pure metal 
only one arrest in the cooling curve where solidification ta 
place at constant temperature. All of the other alloys have | 
breaks in the curve, one at B the beginning of solidificatio 
one at C the end of solidification. 

Fig. 17 shows the diagram for the alloys of gold and pli 
inum. The upper line, ACB, is the liquidus, the lower, AU’) 
is the solidus. It will be noted that alloys of two metals wii 
form solid solutions have a mushy stage of variable exteit, ws! 


“Sauveur—Heat Treatment and Metallography of Iron and Steel, page 411 








*“Sauveur—Loc. Cit., page 413. 
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n Ba lly ranging from nil for a pure metal to the maximum near 
dire che center of the diagram.** 
. ; . “f . 2 1 
‘Sin th i To understand the solidification of alioys whose components 
bre © ..o <oluble in each other in the solid state we will trace the solid- 
soation of an alloy containing 50 per cent gold and 50 per cent 
tinum, X, Fig. 17. 
Co °C 
h 3272 Wee teas le oa ee ee 
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etic s 
Fig. 17—Constitutional Diagram of the Platinum-Gold Alloys 
Se) : 
barf 4 At. 3182 degrees Fahr. (1750 degrees Cent.), point X, the 
ete) wit iloy is wholly molten and consists of a solution of molten gold 
ion takes n molten platinum (or vise versa). The alloy cools unchanged 
Nie te util 2822 degrees Fahr. (1550 degrees Cent.), point X*, is reached. 
ation al \t this point solidification starts by the deposition of solid solution. 
Keferring back for a monment to alloy X in Fig. 9 contain- 
and plat ¢ 2) per cent bismuth and 75 per cent cadmium, these two 
rr ACR metals are insoluble in each other when solid, hence solidification 
als 1 egins by the deposition of pure cadmium. The solidification of 
rent. ust ie pure metal continues as the temperature falls until the re- 


Inins 


ing melt is of eutectic composition. 


for alloys of this type. In another type in which the freezing point passes 
num the mushy state is nil near the center of the diagram. See Hovt, ‘Metal 
5 ciples,” MeGraw-Hill, 1920, pages 16, 17. 





























TRANSACTIONS OF THE A. 8. 8. T. 





Turning again to Fig. 17, we have noted that at \ 
cation begins by the deposition of a solid solution of | 
platinum, and not by the deposition of a pure metal. Ag , 
temperature falls from 2822 degrees Fahr (1550 deer 








to 2300 degrees Fahr. (1260 degrees Cent.) more solid go) 


freezes out until at X* the alloy is wholly solid. Cooling 
unchanged to atmospheric temperature. 











} 
\ 





Let us consider this process more in detail. In the first 
pure platinum freezes at 3191 degrees Fahr. (1755 degrees ( 
point B, Fig. 17. It is evident that the addition of molten » 
to molten platinum lowers the solidification point alone th, 


ACB. The solid solution that freezes at 2822 degrees Fahr. 























degrees Cent.) contains a relatively large amount of. plati) 





[It is not a solid solution of 50 per cent gold and 50 per cent 








inum; instead it is a solution of approximately 85 per cent 
inum and 15 per cent gold.*® 








As soon as the solid solution rich in platinum begins t 
the melt is enriched in the lower-melting gold. The equilily 
is immediately disturbed and more platinum-rich solid s 
freezes, this time of a lower percentage of platinum than be! 
As the temperature falls along the line of X*X°, the solid s 
tion that freezes out will at any moment have the compositio 
resented by the intersection with the solidus AC'B, of a |} 
tal coordinate drawn through that temperature. For exam 
































Cent.), point X?, the solid solution which freezes at this 
has a platinum content of approximately 65 per cent. At \ 
solidification is completed by the solidification of a solid s 
tion containing 50 per cent platinum. As the percentage o! 























From the above discussion we would be led readiiy to ' 
assumption that the solid alloy of platinum and gold is extrem 
heterogeneous, being made up of minute erystals of widel) 
ing compositions. This would be true were it not for diffusio 
It is well known that liquid solutions tend to become homogene' 
by diffusion which takes place rapidly. Diffusion also takes p! 
in the solid state but less rapidly although in the case of a norma! 


























“The amount is found by extending the horizontal coordinate Y'X' to tl 
intersects the solidus ACB at Z'. 








when the alloy has cooled to 2462 degrees Fahr. (1350 degrees 


inum in the freezing solid solution decreases along the solids 
line AC'B the melt is enriched in gold along the liquidus line AU} 
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lov of sufficient mass it may be considered practically 


In the ease of the platinum-gold alloy, the platinum will 


ond to diffuse from platinum-rich erystals into the platinum- 


voor erystals thus resulting in a more or less homogeneous solid. 
i) this connection it must be remembered that crystallization be- 
ye at a large number of centers, consequently it may only be 
necessary for an element to diffuse over a distance of 0.00003937 
eh or less. We will discuss diffusion more in detail when we 
‘ake up the solidification of the iron-carbon alloys. It is well 
1, remember in this connection that diffusion starts simultane- 
isly with solidification, hence the deposition of crystals at point 
\' having the composition Z*, is only a theoretical conception 

equilibrium conditions at this point. 

The mushy stage may be relatively great as in the gold-plat- 
num alloys represented in Fig. 17 or it may be of short dura- 


‘ion as in the copper-manganese or copper-nickel alloys.*® 


STRUCTURE OF SOLID SOLUTIONS 


The structure of solid solutions may vary widely. If an alloy 
ontains a single solid solution it crystallizes in much the same 
vay as a pure metal with polyhedral grains evident upon etching. 
ig. 18 is an example*? of the structure of a homogeneous single 
solid solution of copper-zine. Fig. 19, very similar to Fig. 18 
n appearance, is austenitic manganese steel containing 10 per 
ent Manganese. 

When the alloy is composed of two solid solutions as is the 
ase With many of our brasses the structure will show crystals 
[ one constituent surrounded by the other. Fig. 20,** the struc- 
ture of a brass containing 60 per cent copper and 40 per cent 
ine, shows the alpha and beta solid solutions, and Fig. 21 the 
alpha, beta solutions in aluminum-bronze. 

ln many solid solutions the structure resembles that of an 
illoy whose metals are insoluble when solid (eutectic) ; crystals 
| one of the solid solutions will surround the other as a network, 


ye 


occasionally islands of one solution will be found in the ground 
Metallography, pages 50 and 51. 
es Loc, Cit., page 412. 


ind Portevin, Metallography 





and Macrography, Bell, 1922, page 218, Plate 76 
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Fig. 18—Copper-Zine Alloy. 50 Per Cent Copper. 200X. Homogeneous Solid 
Fig. 19—Solid Solution. Manganese Steel, Austenite. 100X. Etched in 2 Per Cent 
holic Nitric Acid. Fig. 20—Brass. Solid Solution of Alpha Plus Beta Brass. 100X 
with Acid Ferrie Chloride. Fig. 21—Aluminum Bronze, Solid Solution of Alumi! 
Copper. Etched with Ferric Chloride. 500X. 


mass of the other solution. A solid solution may usually be dis 
tinguished from a eutectic alloy by the absence of the character- 
istic angular or laminated form which the eutectic usually takes 

If an alloy made up of one or more solid solutions is cooled 
fairly rapidly the crystals will be heterogeneous in composition. 
For example, in a copper-zine alloy containing 20 per cent zin 
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BS 


fe 


ontent in the center of the grain will be low, the per- 


S ontage of zine then increases from center to boundary of grain. 
: In addition, different grains may vary somewhat in composition. 
By heating such an alloy to a temperature somewhat below the 
a olidus line, in this ease about 1500 degrees Fahr. and holding for 
F. sufficient time, diffusion will take place resulting in complete 


B jomogeneity. 


In such alloys as brass a homogeneous structure results from 


Shot or cold working followed by annealing. 


TYPES OF Souip SOLUTIONS 


The knowledge of erystal structure gained by X-ray methods 
has given us a new conception of solid solutions. This has been 


' diseussed fully elsewhere*® so only a brief survey is advisable 


here. Until these X-ray studies were made the solid solution 
was considered as a complete merging of the two metals in in- 
determinate proportions. Or to quote Professor Howes’ words,”° 

.... Many of our metals, as it were, dissolve in each other, 
and we find them in the solidified state completely merged in 
each other, forming alloys which differ from specimen to speci- 
men by infinitesimal gradation, and yet the component metals 
cannot be distinguished in the alloy by the microscope or by any 
other means. The separate individual existence of each has ceased. 
Here we have the essential characteristics of solutions, viz, (1) 
complete merging of the components, (2) in the indeterminate 
proportions; and on this account we give to these substances the 
name of solid solutions. ”’ 

Let us now econsider two typical solid solutions of binary 
illovs in the light of their atomie arrangement. First we will 
take the alloys of copper and nickel, soluble in each other in all 
proportions. Both elements crystallize as a face-centered cube. 
The dimensions of the lattice are almost the same. All of the 
illoys will have the same structural appearance under the micro 
“cope. The X-ray tells us that all of the alloys are a face-centered 
‘ube. It follows that these alloys are true solid solutions. The 
‘wo metals are completely merged, they are mutually soluble in 
each other, there is only one solid solution. 


S 


fries and Archer—Science of Metals,” McGraw-Hill, 1924, page 236, et seq. 


Iron, Steel and Other Alloys, McGraw-Hill, 1906, page 10. 




















































































































TRANSACTIONS OF 





THE A. 8. S. T. 

Now consider the alloys of nickel and chromium. 
always been considered as mutually soluble in all »: 
Nickel crystallizes as a face-centered cube and chrom 
body-centered cube. X-ray analysis of the alloys shows { 
to about 65 per cent chromium the structure is a face 
ecube.** From this we take it that from 0 to 65 per cent chro) 
is soluble in nickel; the chromium atoms are occupying 
of some of the nickel atoms in the face-centered lattice. \\ 


Naot 


the percentage of chromium is between 65 and 93, two type 


, 


lattice are present, the face-centered cube of the nickel, and | 


body-centered cube of the chromium. With more than 9 
eent chromium the structure is the body-centered lattice of 
mium. 

This tells us that in the alloys of nickel-chromium w: 
three structural conditions possible; (1) a solid solution of 
mium in nickel, (2) a solid solution of nickel in chromiun 
(3) a mixture of the two solid solutions. 

Solid solubility of one component in another frequentl) 
with the temperature. For example, at 1886 degrees Fahr. 
degrees Cent.) 1.70 per cent of iron carbide is soluble in 


at 1335 degrees Fahr. (725 degrees Cent.) only 0.85 per cent 
g : | 


soluble and at atmospheric temperature less than 0.10 per 
is soluble. 


“Jeffries and Archer, Loc. Cit., page 238, 
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The next installment will take up the constitution of the | 
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FACTS AND PRINCIPLES CONCERNING STEEL AND 
HEAT TREATMENT— Part VIII 


By H. B. KNOWLTON 
that Abstract 


This article covers the manufacture, properties and 
es of the plain carbon steels other than tool steels 


POSition: ‘rom the standpoint of the consumer. The processes 
e Whe of manufacture are touched on bre fly in order to ex- 
_ nlain the properties of steels made by the differen! 


srocesses. The effect of the different carbon contents 
ipon the properties of steel is described, and numerous 


a eramples are given of the uses of the different grades 

of ind classes of steel. 

Low AND Mepium CARBON STEELS 

> tian CARBON STEELS OTHER THAN TOOL STEELS 

um at SHE previous articles have dealt with the composition, prop- 
| erties, uses and methods of heat treatment of the tool steels. 

Ll) \lthough these steels are of vital importance to the heat treater, 
nr. (11 they constitute only a small portion of all of the steel produced. 

nN 1rot F less than 0.1 per cent of the annual tonnage production of steel 
r cent 1s F is tool steel. Most of the balance falls in the low and medium 


arbon classes. Of ‘course, a considerable portion of these steels 
are not particularly interesting to the heat treater because they 
‘not receive any heat treatment in the plant of the consumer. 
(n the other hand many tons of low and medium carbon steels, 
ith and without other alloying elements, are heat treated every 
year, and the heat treatment of these steels seems to be becoming 
more and more important. 

before taking up the discussion of the heat treatment of the 
medium carbon steels, it may be well to give a brief description 
of the steels which fall in these classes. For the sake of simplicity, 


the pla 


n carbon steels will be discussed first. These steels may 
e classified in two ways: according to the methods of manufac- 
ure, and according to the carbon content. 


nstallment of this series of articles appeared in the March, 1925, issue of 
the second installment appeared in the June, 1925, issue, the third installment 

October, 1925, issue, the fourth installment appeared in the January, 1926, 
h installment appeared in the April, 1926, issue, the sixth installment appearea 
126, issue, and the seventh installment appeared in the June, 1926, issue 


ithor, H. B. Knowlton, member of the Milwaukee Chapter of the 


ety, nstructor in metallurgy, Milwaukee Vocational School, Milwaukee, 
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CLASSIFICATION ACCORDING 








There are seven common methods for the manufa 
steel: (1) the acid Bessemer, (2) the basic Bessemer. (2 


) 














the basic electric, (7) the crucible. 
blister method, but as this method is not much used 7 

















the present discussion. 














methods. 











discussed in detail herein. 
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operation in the production of steel, it may be eliminated 


The following paragraphs will dea] 
with the general properties of steels produced by the differen: 
The manufacture of steel is too large a subject to 
There are a number of good books 
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ra 
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Col 
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rs 


On} 
Hii\ 


this subject. 








The reader of TRANSACTIONS is especially ref 


Tarr, ra 


open-hearth, (4) the basic open-hearth, (5) the acid electric 





()) 










to the articles by Sisco' and to the text books by Stoughton 
Camp and Francis’. 


mys 


Acip AND Basic STEELS 





When pig iron and steel scrap are to be refined into st: 
they are melted and the impurities are burned out. The carbo 
in the pig iron burns to form a gas which naturally bubbles | 
through the melted metal and passes off, but the other impurities 
either remain in the steel or else form a slag which floats to {I 
top. Fluxes may be added which aid in cleaning the steel an 
retaining the impurities in the slag. The composition of the ste 
produced depends somewhat upon the slag. 
furnace must agree chemically with the slag. 

Slags may be divided into two classes, acid and basic. 
acid slag the flux is silica while in the basic it is lime. Basie slays 
will remove phosphorus and partially remove sulphur from th 
steel, while the acid slags do not remove these objectionable in 
purities. On the other hand Sisco states that with an acid slag 












The lining of 


In th 










it is easier to deoxidize the steel and to remove dirt and gas. As 
the acid process does not remove sulphur and phosphorus it is 
necessary to start with pig iron and steel scrap which are low i 
these impurities. It should be added that good or poor steel ma 
be made either method depending upon the skill of the melter. 


‘Manufacture of Iron and Steel, by F. T. Sisco, Transactions of American S 
Steel Treating, August and September, 1925. 






*Metallurgy of Iron and Steel. Bradley Stoughton. 


*Making, Shaping and Treating of Steel. Camp and Francis. 
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Acip BESSEMER STEEL 


Bessemer steels in this country are made in acid-lined fur- 
The process consists of blowing air through melted pig 
“on, thus burning out the carbon, manganese and silicon. and 
énalls adding recarburizers which quiet the metal and bring the 
earbon and manganese content to the desired proportions. The 
nethod is cheap and rapid. It requires only about 15 minutes 
4, convert 15 tons of pig iron into steel. No fuel is required. 
Sulphur and phosphorus, both of which make steel brittle, are not 
acess” by this method. The phosphorus content of the finished 
stee] made in the Bessemer converter usually runs from about 0.07 
ner cent up. The 8. A. E. specification for Bessemer screw stock 
allows 2 phosphorus content of 0.09-0.13 per cent. Other Bes- 
emer steels usually contain less than 0.10 per cent phosphorus. 
Qpen-hearth steels are frequently purchased on a specification of 
(.045 per cent maximum for phosphorus. The sulphur content 
may be high or low depending upon the iron used in making the 
steel. There is also much greater danger that Bessemer steels will 
contain exeessive amounts of oxides, slag, and non-metallic in- 
Jusions, than there is with the steels made by other methods. 
Bessemer steels are satisfactory for parts which do not have 
to meet drastic requirements in service. They may even have an 
advantage for some kinds of pipe, for screw machine products 
and for other parts, for which easy machining is of maximum 
importance, and strength is not required. They may be used for 
sheet metal parts which are not severely cold-worked in manu- 
facture and which do not stand heavy loads in service. Sisco 
states that the use of Bessemer steel for structural shapes, rails 
and plates has been practically discontinued. The A. S. T. M. 
specifications for 1924 allows the use of either Bessemer or open- 
hearth steels for structural shapes for buildings, for reenforcing 
rods for conerete construction, for low and medium carbon rails, 
but demands open-hearth steels for bridge construction, for high 
irbon rails and for many other parts which meet drastic service 
‘ouditions. Bessemer steels are decidedly not recommended for 


parts which are to be case hardened, or given any heat treatment 
involving quenching. The following pages explain some of the 


ises Tor which steels made by the different methods are recom- 
mended. 
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Basic 





BESSEMER STEELS 





The basic Bessemer method is important in Eur 
not used in this country as it is not adapted to the Amerie 
ores. The steel produced by this method is superior 


Bessemer steels, as the method does remove phosphorus 







()} () 


use of this method it has been possible for certain coun} 


ries jt 





utilize large ore deposits which were once considered ortho. 






on account of the high phosphorus content. 












Basic OpEN-HEARTH STEELS 


The basic open-hearth method is decidedly the larvest sip 
producer in the United States, turning out approximately 7) » 
cent of our annual tonnage. Low, medium, and even some fajy) 
high carbon steels both with and without alloys are made }, 
method. Only the high grade tool steels and some of the sp 
high quality alloy steels are beyond the scope of the open-| 


furnace method. 


lea’ 
Ai 


This process is much slower than the Bessemer, requiring 
from 6 to 12 hours, but the quantity tapped at one time is usuall 


larger. 100-ton heats are not uncommon. There is opportunity 
to make tests of the metal, to make additions to control the con. 


position of the slag and the metal. 








It is even possible to mi 
a chemical analysis of the metal before tapping and to make t! 
final additions on the basis of this information. 





The basic open-hearth steels are as a rule cleaner and free 
from impurities than Bessemer steels. The content of sulphw 
and phosphorus may be held below 0.05 per cent for each. ‘hes 
steels are suitable for parts which must withstand either stationar 
or moving loads. They will stand heat treatments involving 
quenching, without the danger of cracking that is frequently e 
countered when it is attempted to quench Bessemer steels. 0 
course, if the steel contains seams, pipes, or other flaws, it ma) 
erack regardless of which method was used in its production 
The strength and toughness of open-hearth steels will vary wit! 
the chemical composition, and the methods of casting, forging an’ 
heat treating. 












Acip OpEN-HEARTH STEELS 






The acid open-hearth process is similar to the basic excep! 


that an acid lining and an acid slag are employed. This necess! 
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ortain changes in the details of the process. While sul- 
re and phosphorus cannot be removed by this method, the acid 
lags have some advantages in the production of clean sound steel. 
\s the raw materials used must be lower in sulphur and phos- 
jyorus than those used in the basic open-hearth method, the cost 
ay be higher. Sisco states that in spite of the fact that the 


hay that in the basie steel, most metallurgists will agree that the 
vid steel is Superior on account of its greater freedom from dirt, 


av and gas inclusions. He points out that the acid open-hearth 
eels have proved satisfactory for heavy ordnance and armor plate 


vhile the basie open-hearth steels have not. 


Aciw ELectrric STEELS 


The electric furnace processes are similar to the open-hearth 
xcept that an electrie are is used for heating. The acid electric 
process is quite popular in the manufacture of steel castings. It 
s possible by this method to make a relatively clean, sound steel. 
However it should be stated that the mere fact that an electric 
furnace is employed, is no assurance that the steel produced will 
be of superior quality. The writer has inspected a great many 
electrie steel castings which were not as clean as the best castings 
produced by other methods. This is no criticism of the method, 
however. The electric furnace is a fine tool. It is particularly 
advantageous in small installations. Furnaces of 3-ton capacity 
we quite common in foundries and furnaces as small as 14-ton 
capacity have been used for some purposes. Open-hearth furnaces 
usually run from about 15 tons up. While both acid and basic 
electric furnaces have been used in steel founding, the acid fur- 
haces are probably the more common. They are usually con- 
sidered easier to handle. 


Basic ELEctric STEELS 


lt is possible with the basic electric furnace to produce a 
‘leaner grade of steel than can be produced by any other method 
except the crucible. The high temperature of the electric are 
produces a very hot slag. It is possible, therefore, to add a large 
diount of lime, making a very basie slag which almost completely 
removes the sulphur. With the help of carbon added to the same 


Slag 


+ the metal is quite thoroughly deoxidized. It is eustomary 
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chon. Low earbon steel is sometimes called soft, or mild steel, 
hile the medium earbon steels have been called half-hard steels. 
It is difficult to draw any sharp dividing lines between these 
ceo, It may be said in a general way that the low carbon 
soels contain from almost 0.00 per cent carbon to about 0.25 per 
ant carbon: the medium earbon steels from about 0.25 per cent 
hon to about 0.70 per cent carbon; and the high earbon from 
out 0.70 per cent to about 1.50 per cent carbon. These may 
» further divided by calling the steels containing below 0.10 per 
mt earbon very low earbon, and the steels containing more than 
1) per cent carbon, very high earbon. The present writer would 
for dividing the medium earbon steels into two classes, calling 
ose containing 0.25-0.55 per cent carbon and those containing 
0.75 per cent carbon medium high earbon, as there is some 
Yorence in the uses of these two classes of steel. 
The use of the terms low, medium, and high earbon will vary 
newhat depending upon the place they are used. Thus in a 
steel foundry a 0.50 per cent carbon steel may be ealled ‘‘high 
rbon’’? while in a tool steel mill a 0.70 per cent carbon might be 
ned ‘‘low’’ and so on. 
\s a matter of fact none of these terms are definite enough 
) describe any one steel. It is eustomary to hold the earbon 
ontent of any one particular steel within a variation of about 
l) per cent (plus or minus 5 points) from the desired composi- 
n. Sometimes much closer limits are required. 


Krrect OF CARBON CONTENT ON PLAIN CARBON STEELS 


\ pure iron with 0.00 per cent carbon would be a soft, tough, 
ductile material. It would have a lower tensile strength than any 
steel containing earbon. It could be forged either hot or cold 
ind could be welded easily. It would be fairly resistant to rust- 
ing and corrosion. It would have no ability to harden if heated 
id quenched. It would have a tensile strength of about 50,000 


ounds per square inch and an elongation in 2 inches of about 40 
per cent." 


lf even a small amount of carbon is alloyed with the iron, the 
ensile strength would be slightly increased, the elongation (and 
he toughness) would be very slightly decreased, the ability to 
‘and forging and welding would theoretically be decreased, and 
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the resistance to rust and corrosion would be decreased. {+ , 
carbon content is extremely low these effects will be smal|, 1 
hardening power of a very low carbon steel is so slight as {| 
almost unmeasurable. 




















As the earbon content is increased from nearly zero to 4! 
0.85 per cent, the following changes in the physical proper 
annealed steel may be noted: 


The 





LPS 










tensile strength increases from about 50,000 pounds 
about 125,000 pounds per square inch. 





The 


elongation decreases from about 40 per cent to 
10 per cent. 





The forgeability and weldability decrease. 
The hardening power increases. 
The effect of strengthening and toughening heat treatment 


inereases. 
It is sometimes stated that steels containing less than 
per cent carbon cannot be hardened. It might be bet 


stated that the hardening power of such steels is so slight that 
is of no practical value. 
PROPERTIES AND USES OF STEELS OF VARYING CARBON CONTEN' 


0.00-0.05 Per CentT CARBON. 
this in earbon. 


Steels are seldom made as !o\ 
Wrought iron and ingot iron fall in this clas 
They are very tough and will stand a great deal of forging eitl 
eold or hot. They are easily welded and on account of their pu 
ity they are fairly resistant to rust and corrosion. 
0.04-0.10 Per Cent Carson. Very low carbon steels 
hearth steels in this class forge quite well either cold or hot 
probably not equal to wrought iron. 
of this elass. 


()pel 


Rivet steel is one exampl 
The A. 8. T. M. specification for rivet steel calls for 
acid or basic open-hearth with sulphur not over 0.045 per cent and 
phosphorus not over 0.06 for acid steel or 0.04 for basic. 
0.05-0.25 Per Cent Carson. Low carbon steels These steels 
be subdivided into numerous classes. Some them are 
bought on physical tests without definite limits for carbon conten' 
Only a few examples will be given. 
Structural steel for bridges, cars, locomotives, and ships A.» 
T. M. specifications require open-hearth steel and limit the sulphur 
and phosphorus content. Tensile strength requirements vary from 
50,000-60,000 to 58,000-68,000 pounds per square inch. 


may of 
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viructural steel for buildings A. S. T. M. specifications allow 
aither Bessemer or open-hearth. Phosphorus limits 0.10 per cent 
‘or Bessemer, and 0.06 per cent for open-hearth. Tensile strength 
55 000-65,000 pounds per square inch. 

Rillet blooms and slabs for forgings The A. 8. T. M. speci- 

ations cover several grades of steel with carbon contents from 
)05-0,60 per cent, with and without alloys. Open-hearth or elec- 

. steels are specified. Maximum limits are placed on sulphur 
and phosphorus. 

Roiler and firebox steels Acid and basie open-hearth steels 
re specified. Limits of chemical analysis and physical tests are 
siven by A. S. T. M. 

Lap welded and seamless steel boiler tubes Carbon 0.08-0.18 
er cent, open-hearth steel. Chemical and physical tests specified. 

Welded steel pape Bessemer or open-hearth steels are ac- 
epted. 

Seamless steel pipe Open-hearth steel is required. 

Cold finished Bessemer automatic screw stock The A. S. T.M. 
specifications require the following chemical specifications: 

per cent 
COR iia 6 Es ms he ow be cence wn J ee 
Manganese 0.60 —0.80 


PUN ote ws See cece none eee eee 
Sulphur 0.075—0.15 


Cold finished open-hearth automatic screw stock The A. S. 
'. M. specifications require the following chemical specifications: 
per cent 
CO alae kas 6.0 «aio! nis. ack «ncaa 
Manganese 0.60 —0.90 
a. Ore ree Se 
Sulphur 0.075—0.15 
lt may be noted that both of the above specifications for screw 
stock allow a higher per cent of sulphur than would be accepted 


or other grades of steel. In fact, a minimum limit for sulphur 
‘given for both steels and a low limit for the phosphorus of the 
Bessemer steel. Serew stock is practically the only kind of steel 
‘or Which a certain amount of these embrittling impurities is 
actually demanded. The function of the sulphur is to make the 


steel “Tree cutting’’ or, in other words, to make it machine easier. 
Suel 


| steels may be very desirable for screw machine products, 
‘uch as nuts, bolts, and serews which do not have to stand heavy 
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loads in proportion to their size. They are not satisfas 


Dindl 


The \ Most 
decidedly cannot be recommended for case hardening or any othe 


heat treatment involving quenching (with the exception of 
ing for parts which do not require much strength). 
S. A. BE. steels 1010 and 1015, are low earbon steels with (1 


anid 


and 0.15 per cent average carbon content respectively. The phos 


phorus is limited to 0.045 per cent maximum and the sulphny i 


0.05 per cent. 0.30-0.60 per cent manganese is specified. Tho 
steels are recommended for tubing and many pressed steel par; 
They are soft and ductile but do not machine so very well, as th 
are inclined to tear. 

S. A. E. steel 1020, is similar to the two previously mentioned 
S. A. E. steels except that the carbon content is 0.15-0.25 per cont 
[It is sometimes sold under the name of ‘‘open-hearth machi 
steel.’’ It machines better than the 1010 and 1015 and is som 
what stronger. It is much cleaner and sounder than screw sto 
It is recommended for many forged and machined parts not » 
quiring great strength. It will not stand quite as severe cold wo 
ing as the lower carbon steels. It is one of the steels common! 
recommended for case hardening. 

Machine steel, and ‘‘cold-rolled’’ steel, are terms that ar 
frequently heard in the shops but they are far from being definit 


specifications. Almost any kind of low carbon Bessemer or open- 


hearth steel which machines well may be classified as machine ste 
It may be finished hot and consequently have a scaled surfac 
The term ‘‘cold-rolled steel,’’ when used without any further di 
scription, usually means a low carbon steel which has been fi 


ished cold, that is, the bars have received the final passes through 


the rolls or dies while eold. Such bars have a smoother, mor 


‘‘shiny’’ finish and are more accurate as to size than the hot 
finished bars. The term ‘‘cold-rolled’’ does not tell anything as 


to the quality or freedom from impurities. It is dangerous pra¢ 


tice to use steel purchased under such indefinite descriptions tor 


ease hardening or for parts which must stand severe service con 
ditions. 


0.25-0.55 Per Cent CarBoN Meprum Carson STEELS. This 
class includes a number of steels used for various purposes. !0 
general these steels are stronger than the low carbon steels and 





LOY top 
such parts as automobile spring shackle bolts, front axle « 


bolts, or other parts which receive severe service. 
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tougher than the high carbon ones. While the physical properties 
of the very low carbon steel are not greatly influenced by heat treat- 
ment, the medium carbon steels (particularly those containing 0.35 
per cent earbon or more) respond quite readily to heat treatment. 
Mor many purposes these steels offer a better combination of strength 
and toughness than any other plain earbon steels. Consequently 
they are used for parts requiring considerable strength and tough- 
ness in proportion to their size. Certain alloy steels with a me- 
dium carbon content are even better in this respect. They will 
he discussed later. 

The medium earbon steels also have some hardening power. 
This property increases with the carbon content. Consequently 
these steels may be used for parts which must stand some wear. 
However, they cannot be made sufficiently hard to serve as ball 
bearines, tools, or other parts which must be extremely resistant 
to wear. Certain alloys will increase the hardness. These steels 
are not as easy to machine as the low carbon steels, neither will 
they stand as much cold forming, even hot forging is somewhat 


more difficult. Beams, columns and other structural shapes for 


buildings and bridges are not made of medium earbon steel. On 
the other hand automobile front axles are forged from these steels. 
The reason for this lies in the fact that maximum strength and 
toughness and minimum weight is more important in automotive 
construction. In the ease of building construction weight is not 
of maximum importance, and it is simpler to use the softer low 
tensile strength steels and make the parts correspondingly larger. 

‘The exact properties of any steel in the medium carbon range 
will, of course, vary with the carbon content and the heat treat- 
ment. Kor steels which have received similar heat treatments, it 
uay be said that the hardness, the tensile strength and the elastic 
limit (and the yield point) inerease, and the ductility decreases 
with increase of the carbon content. Also the effect of the heat 
treatment on these physical properties increases with increase of 
the carbon content. For example a heat treatment consisting of 
4 Water quench from above the upper critical point, followed by 
a draw to 800 degrees Fahr., might raise the tensile strength of a 
U.20 per cent carbon steel from about 65,000-70,000 pounds per 
syuare Inch to about 75,000-80,000 pounds per square inch, whiie 
4 similar heat treatment applied to a 0.45 per cent carbon steel 
ight raise the strength from about 90,000-95,000 to about 120,000- 
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The following may be given as some of the examples of ined 
carbon steels and their uses. 

Steel castings are made with varying carbon contents, wij) 
and without special alloys, but they usually fall in the Joy 
medium carbon ranges. 


cal properties of such castings may be greatly improved 
nealing, normalizing and other heat treatments. 
are made by the electric, open-hearth and Bessemer (or Trope 
which is similar to the Bessemer) methods. 
are the more common, although the basic method, particularly 
basie electric, is used in the production of some types of castin 
Open-hearth furnaces can be operated efficiently only in found 
having comparatively large tonnage production. 
specifications allow as high as 0.07 per cent phosphorus and \)\) 
per cent sulphur for acid steel castings, while the S. A. EF. 
fication demands that sulphur and phosphorus shall be less { 
0.05 per cent. 


cent is allowed. 


are specified. 


mention. 
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125,000 pounds per square inch, 


In other words the et; th 
heat treatment is about three times as great for the 0.45 pep cup 
carbon steel. 


One of the common types of plain car) 
steel castings contains about 0.25-0.30 per cent carbon. 


Acid lined Furnaces 


The A. S. T 


Castings are frequently required to pass physi 
tests and are sometimes bought on physical tests only. 

Bessemer railroad rails, according to the A. S. T. 
fications, fall in four classes, with the carbon content varying fron 
0.37-0.55 per cent. A maximum phosphorus content of 0.10 pe 
The open-hearth steel rails with higher carbo 
and lower phosphorus contents are probably much more cou 
monly used at the present time. 

Railroad axles, piston rods and many other forgings are madi 
of medium carbon steel, sometimes containing special alloying 
elements. Open-hearth and electric furnace methods of manufacture 
The requirements for carbon content vary from ().25 
0.70 per cent (0.30-0.55 predominating), depending upon the par' 
The specifications for tensile strength vary from about 70),()0) 
125,000 pounds per square inch. 
duce the required physical properties. 
parts is demanded. 

Automotive parts which are made of plain carbon and allo} 
steels with a medium carbon content are almost too numerous lv 


Axles may be cold-rolled to pro- 
Heat treating of some 


Axles, shafts, universal joint parts, some gears, ant 
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ets which must withstand heavy loads in proportion to 


ather 


their size fall in this class. They may be made from forgings 


har stock. The steel for these parts is usually purchased under 


ss 
ricid chemical specifications. The great majority of automotive 
parts are heat treated in some way to produce the required physi- 
cal properties. 

\eprum HiaH CARBON STEEL (0.55-0.75 PER CENT CARBON). 
Open-hearth railway rails, solid wrought wheels and tires are exam- 
nles of this class of steels. Such articles must withstand heavy loads 
without deformation and must be fairly resistant to wear. Ob- 
viously rails cannot be quenched and drawn as automotive parts 
are, to produce the required high elastic limit and resistance to 
wear. Consequently comparatively high carbon steels are used. 

The specified carbon content for the four grades of open- 
hearth rails varies from 0.50-0.75 per cent. The maximum phos- 
phorus allowance is 0.04 per cent. The specifications for carbon 
for the several classes of wheels are 0.60-0.85 per cent and for the 
different classes of tires, 0.50-0.85 per cent. Sulphur and phos- 
phorus contents are limited to 0.05 per cent. Open-hearth and 
electric furnace manufacture are approved. 

High CARBON STEELS (0.75 PER CENT CARBON AND HIGHER). 
High carbon steels are used primarily for tools but are also em- 
ployed for some other parts requiring either high elastic limits or re- 
sistance to wear. Among these may be mentioned the plain ear- 
hon spring steels and the ball race steels. 

Plain carbon spring steels may contain from 0.85-1.15 per 
cent carbon. They are usually made by the open-hearth or electric 
methods. The sulphur and phosphorus contents are held low. 
They are heated, quenched, and drawn to produce the required 
physical properties. Alloy spring steels usually fall in the medium 
carbon class. The alloying elements help to produce the high 
elastic limit without the carbon being so high. 

Steel for cups, cones, and ball races may have a carbon con- 
tent varying from about 0.90-1.25 per cent. These steels fre- 
quently contain 1.00 per cent or more of chromium, which in- 
creases the strength and the hardening power. Ball bearings are 
also made of low carbon steel with or without special alloys and 
are case hardened. 

Plow shares, jail bars and some other articles may be made 
ot steel which is composed of both high and low carbon steels fused 
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or welded together. 
two methods. For example, two layers of high carbon 
a layer of low carbon steel between them may be heated and woe, 
together and then be forged to the desired shape to form the plo, 
share. 


Such steels may be produced by 


aa 
Tner of 





+ } , 
PAl With 








1e(] 





In this way it is possible to produce hard outer surf: 








and a soft tough center or core. Jail bars may be produced in th, 
same way, except that more than three layers of steel are weldo, 
together. After being forged to shape the bars may be hardenod 


Thus bars are produced which 























are too hard to saw and ai 
The other method may be calle, 





same time too tough to break. 








the soft center ingot method. In this method a small low earho 
steel ingot is placed in a larger mold and a high earbon stee! 


east all around it. 






The large ingot thus formed is forged to th, 
As the outer layers are high in carbon they ma 
be hardened without greatly affecting the properties of the so! 
core, which is too low in carbon to be hardened by heat treatment 





desired shapes. 











SUMMARY 


As was stated in the beginning, this article has been writte 
from the standpoint of the consumer. 





No attempt has been mad 
to give a detailed technical discussion of the methods of manu 
facture. It has been attempted to point out the difference in |) 
properties which may be expected in steels of different carbo 
contents and different methods of manufacture. It is obvious| 
impossible in an article of this length to cover all of the different 
steels and their uses. It has been attempted to pick out typica 
examples of the different classes. 

summarized briefly as follows: 

A complete description of any steel must include the method 
of manufacture as well as the chemical composition. As a general 
rule the steel making methods may be rated in the following orde! 
basic electric, acid electric, acid open-hearth, basic open-heartl 
acid Bessemer, but in the final analysis much depends upon thi 
skill of the melter. The more drastic the requirements of service, 
the cleaner and sounder the steel should be. High sulphur and 
phosphorus steels are recommended for serew stock but not tor 
parts requiring strength. The strength, elastic limit, hardness, 
and hardening power increase with increase of the carbon content 
while the toughness decreases. For any particular job there 's 
a type of steel which is the most desirable. 















The main points covered may | 
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Comment and Discussion 


Papers and Articles Presented Before the Society and Published in 
Transactions Are Open to Comment and Criticism in This 
Column —Members Submitting Discussions Are Requested 
to give Their Names and Addresses 


(ee ee OO 


DISCUSSION OF E. C. BAIN’S PAPER ENTITLED ‘‘THE NATURE OF 
THE ALLOYS OF IRON AND CHROMIUM’”* 


Written Discussion:—By Dr. Zay Jeffries, Cleveland. 


| DO not wish at this time to enter into a discussion of the many inter- 


esting scientific aspects of this paper, but desire only to call attention to 
ertain of the broad aspects of what seems to be a new step in the field 
ferrous metallography. The field embraces not merely the retention of 
so-called delta iron solid svlutions, at low temperatures, but the practical 
hey ma heat treatment of these solid solutions. In other words, there has recently 
the sof been developed what may be termed a new art in steel treating in which 
eatment vamma iron plays no part. To the best of my information, the originator 
of this art is W. P. Sykes. 
The following is quoted from the first Robert Henry Thurston lecture 
—e > on ‘‘Engineering and Science in the Metal Industry’’ delivered by me on 
> December 3, 1925, at the annual meeting of the American Society of 
Mechanical Engineers in New York City and published in the January, 
1926, number of Mechanical Engineering. 
‘*The following statement made by Bradley Stoughton in his 
Metallurgy of Iron and Steel, page 403, fairly represents the state of 
bvions| : the art with reference to the role of carbon in high speed steel as well 
lifferent is other steel. 
: ‘**Tt is commonly stated in the trade that tungsten will take the 
place of carbon in producing hardness, but this is not true, It is far 
more correct to say that tungsten will assist carbon in producing hard. 


tvplea 
may 


ness, and therefore, with high tungsten steels we may have lower car- 
method bon. The distinction may appear merely academic, but it is well worth 
seve) recognition by those who expect to make a study of these steels, No 
amount of tungsten or any other element will make steel hard in the 

ibsence of carbon, or even when the carbon is low.’ 

‘‘Mr. W. P. Sykes, Cleveland Wire Works, Incandescent Lamp De- 
pon the : partment, of the General Electric Co., has recently made a development 
service, which changes this art. If about 22% of pure molybdenum is 
ee ad : added to pure iron it is found that the molybdenum is soluble 

in the iron at a temperature of say 1400° Cent. On slow cooling, a 
compound of iron and molybdenum separates out in relatively large 
particles and the resulting alloy when cooled to room temperature is 
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The microstructure of this iron molybdenum 


being slowly cooled, is shown in Fig. 13. 


S. 8S. T. 





‘*When the alloy was quenched from the high temp. 


solid solution preserved at room temperature, the Brinell hard 
ber in one instance was 214. 


in Fig. 14. 


‘Gamma iron plays no part in this system, the alloy re 


This material is coarse-grain« 


body-centered cubie space lattice from room temperature 


melting 


point. 


molybdenum, 


This 


quenched 


solid 


solution is 


On reheating to 600 to 650 deg. Cent. it 
for the molybdenum atoms to diffuse in the iron space latt 


is 8 


Lining 


up to 


supersat irate 


portion of the molybdenum combines with some of the iron ¢, 


small (critically dispersed) particles of hard iron-molybdenyy 


pound. 


Such an alloy heated for 60 hours at 600 deg. Cent 


sh 


a Brinell hardness of 531, which is comparable to that of th: 


steels. 


but certain dies made of this alloy operated 
showed up to 60 times the life of the best high 
structure of the alloy in the hard state is shown in Fig. 15.’’ 


Not only is the hardness comparable 


to 


speed steel. 


I should like to call especial attention to Bain’s Fig. 7. 


diagram 


with 


marked 


more than 


‘* Austenite 


about 14% 
erystal structure obtains unless carbon is present. 


+ 


indicates 
carbon the iron-chromium alloys containing less than about 14% chron 


that with 


chromium only one ty) 


that of h:; 


at a high temperat 


| he ll 


The 


nego 


will, when properly cooled, from a high temperature (above about 
deg. Cent.) transform from a body-centered ecubie to a face-centered 
space lattice, and then back to a body-centered lattice again 
indicates that 


It 


y De 


As is shown in the preprint of the paper by Sykes, ‘‘Th 
\ mer) 


Tungsten System’’ 


to be given at the annual meeting of the 




































































identical 


tungsten. 


phenomenon 


is shown 


in 


the 


earbon 


free alloy s of 


Institute of Mining and Metallurgical Engineers in February, 1926, 


iron 


U 


ird Steels 


While Mr. Bain has been aware of these results of Sykes’ t 


a good many months, he quite properly avoided mention of this infor 


tion which he no doubt regarded as confidential. 
It might be mentioned that the ‘‘earlier work’’ described in Bain’: 


paper on page 10 of the January issue of the TRANSACTIONS of the A. 8.38. 1 


was done by Bain when he was connected with the Cleveland Wire Diy 


of the General 
| know that the other members of this Society will join me in we 
ing the advent of this new science and art in the field of steel treating 


B. 


H. 


DELONG: 


Eleetrie Co. 


Oral Discussion 





| would like to ask how long the pieces from 


micro-sections were taken were held at heat before quenching? 


EK. C. 


a reason for this procedure. 


BAIN: 





They were usually held at temperature about 45 
a few I believe were held an hour. 


This is a rather long time, but 
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into large particles in the interest of easy identification of struc 
‘iechanieal properties were sacrificed as this was primarily a study of 
roscopie structure. 
\| GerMAN: I would like to ask Mr. Bain if delta iron is formed 


rdening high speed steel at a sweating heat? 
i C, BAIN: I cannot say positively that delta iron is not formed in high 
a steel at that high temperature. We should probably answer that ques 
ba a . tion most definitely by holding a piece of high speed steel wire at high tem 
at ie ‘ture and obtaining its X-ray pattern. I am inelined to believe that the 
seal : ‘rbon content of high speed steel is too great to permit the existence of 
ta iron, At any rate the higher the quenching temperature the greater is 
a ta 4 the proportion of austenite found after the quench,—a circumstance which 
num ea , . strongly against any delta iron, 
shor Ht. M. GERMAN: I would like to ask another question: how do the phy 
ae ‘cal properties of quenched and drawn delta iron steel or alloys compare with 
m " the same steel in which you get, the same microstructure, in quenching? For 
perat © cxample, in a paper you gave in Cleveland last September, ‘‘On the Nature 
a f Some Low Tungsten Tool Steels,’”’ you showed that austenite was pro- 
wed at the higher quenching temperatures and on drawing there was a 
i > xecondary hardness produced by the change of this austenite to martensite? 
* We find that when austenite is produced in quenching and then brought back 
hy . ty martensite by drawing, the physical properties of this martensite, 
out 14% particularly with the higher carbon, and also chromium content, are entirely 
red . ferent from the martensite that you obtain in direct quenching. It may 
It : ow the same Rockwell hardness, but when tested with file or service test, it 
tvpe of entirely different. Have you made any tests to compare the physical 
perties of the delta iron when drawn back? 
‘he Ira Kk. CG, Bain: In the first place, delta iron which is ‘‘drawn back’’ is 
A merica till delta iron—or the same thing exactly—alpha iron. As the slide of photo- 
926. this icrographs shows, nothing happens during the reheating except perhaps the 
iron 4 precipitation of a small amount of carbide. Delta iron at room temperature 
vVkes’ f j truly stable. 
‘nfor H. M. GERMAN: Another question I would like to ask, what etching 
: eagent did you use in the preparation of the samples for microscopic 
n Bain ; eXamination ? 
8. 8.1 ki. C, BAIN: We etch with aqua regia and glycerine, prepared by mixing 
Divisi ’ ue part nitrie acid with two or three parts hydrochloric acid and then adding 
: lume Of glycerine equal to the acid mixture. Polishing many of the alloys 


welcom S is very ditheult—many were satisfactory only after four successive polishings 


eatin ad etchings, 


J. VY. Emmons: In regard to the question as to whether delta iron 
's in high speed steel, I would like to remark on some observations which 
nade about 1914 or 1915, while investigating high speed steels of low 
bon content. We found with a steel of a carbon content of about 0.40 

per cent when heated to the melting point, or very slightly below it, 
juenched with great rapidity in iced brine, that a constituent was 


— veveloped, the nature of which we were not able to determine. It appeared 
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very 


much 


like 


ferrite. 


It 


had 


a 


polyhedral 
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grain 


structur: 


apparently very soft, and, therefore, of no use for tool makin: 


Its structure was not affected by any subsequent drawing treatn 


knowing its nature at that time, we called it constituent V. 


IT am 


that this work of Mr. Bain’s is a real intimation of the nature of 


stituent which I 


EK. C. 


BAIN: 


paper by Mr. Sykes which I have mentioned already. 


A. 


the question himself. 


W. 


P. SYKEs: 


now believe must have been delta iron. 


This question lies distinctly in the scope of thy 


As his paper 


I do not care to make any discussion at this ti 


connection with that note of Mr. Emmons though, it seems to me 


carbon, as you said, around 0.40 or 0.50 per cent, from what I hay na 
little preliminary work on the effect of carbon on that steel, that ear 
content seems a little bit high to allow any delta 


would not hazard much of a guess on it at the present time. 


Dr. J. 


A. MATHEWS: 


heated to the melting point some carbon was lost. 


Ll merely want to add a word in appreciation of 
investigation Mr. Bain has given us here today. 


It 


this 


will be 


iron to form, 


very 


well 


althe 


I. M. M, E, has already been preprinted perhaps he will, if present, a) 


nt N 1, 
splendid 
for the 
Line Ly 
With { 


be 


Possibly that might be explained by the fact that 
the initial bar contained 0.40 to 0.50 per cent carbon, but after it had bee 


autil 


th + 
i u 


members’ while to study this paper in conjunction with that of Mr. Syl 


It represents a new state of progress in the art. 


metallurgy,—the Guillet 


a 


committee 


JEROME 


to handle 


STRAUSS: 


1 would like also to suggest 
that now it might be timely to go over and revise several of those simp 
constitutional diagrams 


which we have been brought up on in the study 


diagrams, 


I think that might be a good project f 


and reproduce some diagrams for purposes of vel 
fication as to how true our present knowledge is, as represented by thos 
simple things we have had for about twenty years. 


Aside 


from 


the 


notable 


achievement 


of 


ha V1 


ill 


tained delta iron at room temperature in these alloys, there is so muc! 


immediate technical 
iron, but with the 
thought to Mr. Bain’s 


value 


that 


chromium 


paper. 


most 


steels, 


of 


can 


well afford 


to 


us who are dealing, not 


WW 


‘ 
| 


give considel 


One can readily perceive the possibilit 


clarifying some of the peculiarities which arise in the every day use 


large number of alloys of varying carbon and chromium content whic! 
now found their way to us commercially. 


suitable cooling rates not particularly slow (about 2200 to 900 degrees Mahi 


Mr. Bain mentioned in his paper that in his experiments he did not 
any evidence of pearlitic formations above about 10 per cent chromium 


in 14 hours) I have found pearlitic areas in steels of 0.25 to 0.50 


earbon and about 20 per cent chromium, 


and 3 of this discussion. 


Il should 


like further to ask 


Mr. 


Bain 


whether it 


would 


These are illustrated in 


not 


h 


I 
Lt 


Migs 


possible, without the introduction of other troubles, to have used 


suitable medium than hydrogen for the furnace atmosphere when heating ! 
quenching. 


\\ it 


Tr rent 
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r. Strauss 
: ome of M ' 
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It was unfortunate I am sure that I used a hydrogen atmo 


this work but it was only in a furnace which necessitated the hyd 


I eould 


severe 


obtain 


close 


temperature 


control. 


The 


decarburization 


as I mentioned—than we suspected, even with the warni 


experimentation, and consequently some of the specimens which , 
delta iron at high temperatures, are not strictly correct for the , 


tent indi 


cated. 


austenite with medium chromium. 


L would like to ask Mr. Bain whether he noticed 
greater chemically inert properties in delta iron of high chromium 


W. J 


steel and high speed steel and somewhat less chemically inert char 


. MERTEN: 


The delta iron grains would have exhibited some int, 


of the higher carbon ranges which result in formation of austenit 


KE. ¢ 


delta iro 


Mr. 


. BAIN: |] 


n. 


KNIGHT: 


did 


not 


attempt to correlate corrosion 
It would however be very much like the thoroughl; 
alloys I would suppose. 


resist 


I would like to ask a question of Mr. Bain. 
stood him to say the delta iron, once formed, was comparatively sta 


mes 


there would be no change, in your answer to Mr. German’s question. 


does it come then that upon heating at different temperatures and « 
from these temperatures, that in the lower chromium content you ar 


get austenite out of solution and mixtures of austenite, and then 
tion and then the higher temperatures? 


| 


cle 


KE. C. Barn: Delta iron and alpha iron are identical physically, 
may substitute the word ‘‘alpha’’ for ‘‘delta’’ in any of the staten 


regarding its metallographic behaviour. 


even though quenched from the very high range one would have to 


above the critical range. 


MR. 


KNIGHT: 





H 


1 


ane 


Then austenite would result which would be q 
as such or as martensite depending upon composition. 


Well, would reheating them up to the edge of th 


range, or in the critical range, bring it back to the austenitic 


again? 
be consid 


ered to be 


a 


a 


stable 


Then it seems to me from a physical chemistry viewpoint 
metastable rather than 
words, if delta solid solution can, by reheating, be transformed 


condition. 


In order to produce any chang 


f 


austenite solid solution, then this delta solid solution must be a later stat 


EB. C. 


BAIN: 


This is not in any sense a 


66 Aye 
| 
i 


It can be transformed back to austensite only by heatil 
to the temperature for stable austenite. 


operation: it is merely heating to alter one stable phase to another s! 


phase. 


similar conditions. 


a Ve 


E. C. 


EMMONS: 


BAIN: 


Mr. Chairman, I would like to ask Mr. Bain 
made any observations of the stainless properties of delta iron as 
with austenite or martensite in the high chromium steels. 


+ 


it is all without the scope of this paper, and I prefer not to discuss it 
time, if you will excuse me. : 


Dr. J. 


A. MATHEWS: 


I would like to ask one more question, 
is there any composition or quenching temperature at which any 0! 


at tr 


t 


In organic chemistry there are analogous binary mixtures which ex 


Yes, actually I have made some study of such properties | 


Ba ’ 


v 







Vir. W 


amiratlo 


from hat 


1} 
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re 
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teels approach the non-magnetic state? 
Rarw: Yes, | have some wholly austenitic alloys of iron, chromium 
vn. . showed a slide from a photomicrograph of such an alloy. 
entirely non-magnetic and was used in the drawing experiment de- 
d for X-ray examination. 
\re. Knicut: What was the form of the specimen that you used for 
X-ray spectrum? 
 (. Bain: A solid sample cut out of the specimen bar by means of the 


] 
eel. 


Author’s Closure 

rhe appearance of the preprint of a paper, ‘‘ The Iron-Tungsten System,’ ’ 
\ir. W. P. Sykes, gives me the privilege and opportunity of expressing my 
imiration for this work and of acknowledging the encouragement I derived 
from having private communications from Mr. Sykes concerning his research. 
‘here is a similarity between the alloys containing up to about ten per cent 
ngsten and certain alloys of iron and chromium. By means of thermal 
inalveis Mr. Sykes found the boundary of the austenite region to be a sort of 
oop and when the microscope showed that the region for austenite formation 
hromium iron alloys was similar the analogy came to mind. As the finding 
s somewhat unique the idea of the preservation of delta iron by quenching 
above the region of austenite stability was pleasantly fortified by Sykes’ 

riments in the other system. 
Since the publication of the approximate constitution diagram of the 
hromium system the writer has discovered that decarburization proceeds 
ither more deeply than was expected and in a somewhat different manner. 
Consequently for alloys containing higher carbon content—above 0.20 per cent 
the diagram should show that the delta iron is mixed with some austenite 
grain boundaries which persists very tenaciously practically to the 
ting point of the alloys. The diagram seems correct however for negligible 

rbon content. 


DISCUSSION OF H. B. KNOWLTON’S PAPER ON ‘‘FACTS AND PRIN- 
CIPLES CONCERNING STEEL AND HEAT TREATMENT— 
PART IV’” 


By C. G. WILLIAMS? 


the January issue of TRANSACTIONS H. B. Knowlton makes the following 


itement:—** Steels containing from 1.00 to 2.00 per cent manganese are 
lly quenched in oil instead of water to avoid producing brittleness. 


+ 


eels containing from 2.00 to 7.00 per cent of nianganese and no other alloy 


ery brittle and are not used. High manganese steels containing 12 per 


manganese and 1.25 per cent carbon are quite hard and are tough at 
e same time. They are used for railway switch points, cross-overs, ore 


ing machinery and some other purposes.’ ’ 


6. Knowlton, “Facts and Principles Concerning Steel and Heat Treatment—Part IV,’’ 
\merican Society for Steel Treating, Vol. IX, No. 1, page 111. 


thor of this discussion, C. G. Williams, is mechanical engineer, Barber Colman 
nockford, Ill. 





























































































































them a severe water quench. 



































to a high percentage. 
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It is believed that Mr. Knowlton is but furthering the comm: 
tion or belief that manganese contributes an embrittling effect on st, 
is not the case. Because a severe water quenching has apparently, 
manganese bearing steel to crack is no criterion that the manganes: 
cause of the cracking for plain high carbon steel will likewise crack 
too drastic quenching in water. The cracking of any manganese ste 
quenching is the direct result of too high a temperature when working 
heating preparatory to quenching, for if the steel is not heated very slo 
uniformly, it is liable to crack while heating. 
but the quenching process will cause it to split. 

Since manganese forms with cementite a double carbide in steel, t| 
is to increase the tensile strength of the metal. 
ficial effect is dependent upon the carbon content. In treated 
per cent of manganese, up to about 2.00 per cent, will increase 
strength by about 1500 to 2000 pounds per square inch. 
carbon content, the effect of increasing amounts of manganese is to increag 
the tensile strength and the Brinell hardness. 

From tests made, it is evident that the tensile strength and elastic 
manganese 


It may only crack while heat) 


In untreated steel this } 


practically alike 
manganese exerts a strengthening effect equivalent to about three times | 
same amount of nickel, that is for heat treated 1.5 per 
with the manganese in excess of that contained in the nickel steel of a 
ponding carbon content. 

In treating pearlitic steels, attention should be called to the fact 
each 0.1 per cent will lower the critical range on heating by about 
degrees Fahr. so that lower temperatures may and should be used fo 
ing or for full annealing. 
is about twice that of nickel. 
writer has tested rifle barrels 
manganese—with 1.25 to 1.45 per cent manganese predominating—and 
In the cases where a high temperature was 
while working or just before the quench, there was a liability that the bl 
of steel or the barrel would burst lengthwise or on the cross section as 
while if a low heat, say a dark red heat or 1290 to 1340 degrees Falir., 
used no barrels or blooms were cracked. 


Generally the effect of manganese on critical rang 


from 1.00 


It was found that these steels co 
all be heat treated to give high tensile strength and still be worked. 

Up to late years it was seldom that a manganese steel with a 
content could be obtained because of the high carbon content of the availabl 
ferromanganese, which carbon added to that in the steel brought the carbo 
Since a process has been perfected whereby a low ‘ 
ferromanganese is available, it is found that with a carbon content 
0.20 to 0.30 per cent, a manganese content of even 4.50 per cent will give 4 
steel that when water quenched at from 1255 to 1340 degrees Fahr. will gi 
high tensile strength and ductility of about 25 to 30 per cent in two inches anc 
that is comparable in every respect with a corresponding nickel steel. 

Late practice, that is, since 1916, has produced a manganese stee! wit! 
carbon content of 0.35 to 0.45 per cent and manganese 1.40 to 1.47 per 










ind plung' 
‘ron, While 
ugh, wed 
iS¢ work 
tle dent 
Recen 
th with 
eteels, 
There 
he welded 
as pres 


as asker 


publishe 
alwa 


points ( 


him im 





COMMENT AND DISCUSSION 307 

quenched in water from 1340 to 1380 degrees Fahr. gave a tensile 

¢ 90,000 to 100,000 pounds per square inch; 120,000 to 130,000 

is per square inch elastic limit; 24 to 26 per cent elongation in 2 inches 

! oat cent reduction of area. This would not indicate brittleness. 

aver. the presence of manganese does make a steel susceptible to heat, 

for best results both in working and heat treating, the temperatures 

be held very close to the critical range. Personal preference would be 

hold the temperature below the critical range while working the steel and 

nly exceed the eritical range when heating preparatory to treating. 

High manganese steel, i. e., those at or above 9 per cent manganese with a 

‘bon content of from 1.00 to 1.25 per cent, will, when cast, be as brittle 

‘lass. but if allowed to cool thoroughly then heated to 1830 degrees Fahr. 

plunged into cold water the resulting steel will be as ductile as wrought 

_while its tensile strength is about three times as great. These steels are 

wear resistant, but are not hard. While they may be drilled or other- 

‘se worked with difficulty, a light blow with a hammer will leave a consider 
ble dent in the metal. Thus its Brinell hardness is comparatively low. 

Recent research work has widened the commercial range of these steels, 

th with respect to the low manganese content steels and the high manganese 

There is also a popular conception abroad that manganese steels cannot 

welded to other steels with success. Within the last two years such a view 

is presented to the writer when a certain railroad blacksmith foreman 

is asked to weld furnished bars of steel to a soft or low carbon steel back 


or dredge dipper teeth. The first attempt failed and gave a ruined bar of 


teel. Upon inquiry as to its action and an investigation of its qualities, it was 
leclared to be manganese steel. Thereupon, the foreman was for scrapping 


the steel until he was shown that by bringing the low carbon steel back up 


pe 
ti) 


SD e. § 
SVU ; 


CSCI 


i white welding heat and the manganese steel to a dark red heat, they 
d be easily welded. The soft steel back welding itself to the manganese 


teel in a way that gave most successful results. C. G. Williams. 


Author’s Reply to Mr. Williams’ Discussion 


| have read with much interest Mr. Williams’ discussion of my article 


iblished in the January issue of the TRANSACTIONS. Comment and criticism 
always most welcome. Mr. Williams has brought up some interesting 
uts concerning the effect of manganese on steel. While I may agree with 
mi in part, | believe that some of his statements may possibly be open to 

te, at least I fear that the reader may draw some erroneous conclusions. 

| feel that my original statements can be justified. 

he article which Mr, Williams criticised dealt primarily with some of the 
mon types of tool steels. It was also attempted in a few words to 
ibe the general effect of some of the alloying elements. It was to the 


ines devoted to the effect of manganese, that Mr. Williams took ex- 


{ 
ept n 
PtLiuil, 


thie 


writer fully appreciates that it is difficult, if not impossible, to 
generalized statement in a few words which will accurately cover all 
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possible conditions. It is not claimed that the statement given 


plete treatise on the subject. 





The metallurgical literature of recen} 
contained many pages concerning manganese. The reader of the T 











is referred to an article by Jerome Strauss in the issue of Dec 
and to the article by Gill and Frost in the January, 1926, issue. 
noting that Mr. Strauss stated that it was difficult to cover the x 
oughly in the necessarily limited space (44 pages). 

Mr. Williams challenges the statement that 














manganese in cert 
portions may produce brittleness. This he terms a ‘‘superstition.’’ 











this superstition is based on reliable scientific data as well as pract 





ence, It seems to be accepted by some of our best authorities 














lrost state that manganese has an embrittling effect on hardened 


carbon tool steel and increases the danger of cracking. They 











0.30 per cent as the maximum limit in plain carbon tool steel. |; 
and Mr. Kingsbury challenged this limit, but apparently did not 





dis} 
I 


fundamental principle. The figures given by Strauss which are quoted | 











++ 


show conclusively that manganese in certain proportions produce | 
irrespective of the heat treatment. 











The writer’s statement that steels containing between 2 and 








manganese are brittle and are not commonly used, should perhaps |x 
as the amount 








of manganese necessary to produce the brittle condit 
inversely with the carbon content. 





The figures given were meant to 
to steels in the ordinary tool steel range. Lower 








carbon steels might 
more Manganese without being inherently brittle. Extremely high car! 
might be brittle with even less manganese. 




















This point can best be understood by studying Guillet’s diagran 
. © > 





constitution of manganese steels after forging and air cooling. See | 


(See TRANSACTIONS, A. 8S. 8S. T. Vol. 4, p. 681, December, 1923. 


be noted that for steels containing less than 1.60 per cent carbon tl 














is divided into three large areas. Steels that fall 
composed of austenite. Those in the center 


troostite, while those in the lower are: 








in the upper 





area contain martensit 








contain pearhte. Thus a | 
cent carbon steel containing roughly 2.00 to 5.00 per cent manganes 


per cent carbon steel containing about 4.0 to 8.0 per cent manganese, 

















0.25 per cent carbon steel containing about 5.0 to 10.0 per cent mang 
fall in the martensitic area. So far as the writer has been able to lear 























inferred from Mr. Williams’ statements that manganese 














steels of the composition just given. 











The fact that steels which contain carbon and manganese in s 
portions as to place them in the martensitic zone of Guillet’s diagran 
brittle is quite conclusively shown by the data given by 








Strauss 














of these compositions showed less than 6 per cent elongation and less 








possible that the exact position of the lines on Guillet’s diagram ma) 





aT et 


of these compositions have not found commercial use. Although it might 


has no connect 
with brittleness, it may be noted that he is silent concerning mang: 


TRANSACTIONS, A, 8. 8. T., Table VII, p. 679, Vol. 4, December, 1925). 5! 


per cent reduction of area, regardless of the heat treatment given. !t ma) 


aa 

? 
my if 
atelil St 
properly tr 
Mr. Wi 
¢ wangal 

OL # 
: son ft 
t the 


traight ml 
With 
ain ( 

i weasel 

for the ud 

[hese ite 
KnoW 

eh steel 


| 
dvantage 


feastrout 
1} 


compan 
efeel wh 
ent ear} 
{ trom 

The 


TePePLS Cf 


As Mr. 


thal Use 


+ 


not pre 
UOliit b 


‘ 
rivel 


Va 








COMMENT AND DISCUSSION 


uted, but the fundamental principles are quite well established. 
ta given by Strauss also confirms the fact that the high manganese 
steels and the lower manganese pearlitic steels are very tough when 
reated. 
Williams correctly states that there is a similarity between the effects 
-snese and nickel. He also points out that manganese together with 
forms a double carbide. It may well be added that in the latter 
ot the action of manganese is quite different from that of nickel. It is 
similar to the action of chromium, Might it not be better to compare 
pearlitic manganese steels with the chromium-nickel steels instead of the 
ight nickel steels? 
With regard to oil and water quenching of steels containing between 
ind 2.0 per cent manganese, the writer believes there is ample justification 
for the advice to quench in oil, The nonshrinking tool steels fall in this class. 
ese are sometimes called ‘‘oil hardening tool steels.’’ ‘The writer does 
know of a single steel company which recommends water quenching of 


ch steels. Im faet, he has never been able to find that there would be any 
dvantage of water quenching. Many tool hardeners can testify to the 
lisastrous results sometimes obtained by so doing. 

it is true that medium and low carbon pearlitic manganese steels may 


be quenched in water successfully. However, it is also true that many 


efer oil quenching. The writer recently received from one of the steel 
ompanies whieh specializes in alloy steels a sample of their 


t 


manganese 
eel which they are particularly pushing. The composition was 0.43 


+ 


per 
ent carbon, 2.05 per cent manganese. 


Their letter recommended quenching in 
| from 1550 degrees Fahr. and drawing as required. 


The writer has obtained some very satisfactory results in case hardening 


teels containing over 1.0 per cent manganese, giving the final quench in water. 
As Mr, 


Williams states the final quenching temperature must be lower than 


it used for plain carbon steel. It might be asked if such a treatment did 


If such brittleness was produced, it was over 
me by the great strength and toughness of the core. 


not produce a brittle case. 


In spite of this, the 
titer believes that oil quenching might better be advised in the instances. 


Mr. Williams ehallenges the statement that the high manganese high 


irbon steels are both hard and tough. He mentions the fact that 
steels in the cast condition are quite brittle, which is true. However, the same 
may be said of most of the high carbon steels with or without alloy content. 


‘here may be varying degrees of brittleness, but in general it may be said 


+ 


lat most steels are more brittle in the cast untreated condition than 


rged or heat treated condition. When the writer has described a steel as 
igh he has expected it to be understood that it is tough when in the con 
tion in Which it is ordinarily put into service. 

Mi 


such 


in the 


‘ 


Williams’ statement that the high manganese steels are hard but 
itt Wel 


' resistant brings up the old question of what hardness is. Krom 
practical viewpoint it may be more important to consider the type of hard- 
hich involves resistance to wear rather than resistance to 
mes both are required. 


LiCSS 


indentation, 
Unfortunately resistance to wear and resistance 
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to indentation do not always go together. The indentation m 


as the Brinell, the scleroscope and the Rockwell may give misle: 
mation if this The Brinell hardness 0; 
manganese steel may not exceed 200 and yet such a steel may prov 
resistant to certain types of wear. 


point is not considered. 


Both the present writer and Mr. Williams may be criticized fo, 
that these Strauss mentioned that th 
manganese steels may be hardened by the cold work they receive jy 
This is a very important point. 


steels are resistant to wear. 






Serie 
In this connection a manufacturer of som 
shovels has reported that manganese steel is good for dippers workiy 

gravel, but sand. The 


involves both wear and hammering (or cold work) while the latter j; 


il 


not satisfactory for shovelling loose forme) 








wear or abrasion only. 


The writer acknowledges that his first statements concerning the ef 
of manganese were too brief to cover every possible condition. [1 


has bb 


attempted to make this reply as brief as possible. Although it is many 


the length of the original paragraph it also may fail to cover t! 


iit Cast 






account of necessary brevity. reader j 


Kor more complete information, the 





again referred to the rather voluminous literature on manganese steels 


H. B. Kno 












WRITTEN DISCUSSION OF PAPER BY DR. H. HANEMANN AND 
A. SCHROEDER, ENTITLED, ‘‘ON MARTENSITE’’: 


BY C. G. 




























WILLIAMS” 


N attempting to reconcile past and present studies with the hypothesis 

presented by the authors, there is much to commend and much to 0 
It would seem that this hypothesis is exactly at the point where so many 
of the past hypotheses have been—merely a passing attempt to read int 
structure of steel much that should be considered in other lights. 

The opposition to the outlined theory and hypothesis is in the belief that 
what is claimed to be separate structures and separate formations—thereu 
designated as Epsilon and Eta formations—are but transition points b 
tween the Beta and Alpha phases of the metastable carbon-iron diagram 
Howe—The Metallurgy of Steel and Cast [ron—Sauwveur—Metallography aud 
Heat Treatment of Steel—and that they should be considered as suc! 

It was but a few years ago that some experimenters were clamor 
for a separate structure and formation hypothesis to determine aud « 
for the status of hardenite, which most authorities now consider as proper!) 
that transition stage between austenite and martensite that is sometimes 
called austenite-martensite, or austenite plus martensite. 

It is well known that austenite is mineralogically softer than martensit: 
and that there is a point in the transition stage during the transformatol 
from austenite to martensite where the steel has an apparently different stru 
ture from either austenite or martensite. 


T 


Also at this point some specimens 
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RANSA\ 1926, Vol. IX, pages 169-239. 
*Mechanical Engineer, Barber-Colman Co., Rockford, Illinois. 


(Continued on Page 331) 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Steel Treaters 












YIELD POINT, COLD AND HOT BRITTLENESS. By P. Ludwik, 
Zeitschrift des Vereines Deutscher Ingenieure, March 20, 1926, p. 
















wal ey.) 6) 


The yield point of electrolyic iron and mild steel and the change of it by 





ving and by eritieal stretching and annealing, the hot brittleness (blue 





and the phenomena during the hardening of steel and aluminum 





hrittleness ) 


e considered as after-hardening phenomena and reduced to changes of 


ullove a 





ibility. 
The cold brittleness and the dependency of the impact value from the 






teh and the form of the test piece, from the velocity of shock and from . 





e temperature are deduced from the change of the slip and tearing resistance 





ind from the stress condition. 





The author discusses the importance of tensile tests on notched bars, 





vith very sharp notch, for the determination of the tearing strength. The 





influence of the breadth and depth of the notch is discussed by comparing 







tensile tests, tensile tests on notched bar and shock tests on notched bar. 





Rv pickling mild steel, the tearing test decreases owing to absorption of 
} + a) £ > 





hydrogen, but the yield point and the tensile strength are unchanged. 





Caustic embrittlement presents, if the tearing strength is decreased by 





ibsorption of hydrogen and the slip resistance is increased by aging at exist- 





r stretching-heat stresses. 






Abstracted by Dr. Hans Pollack, Germany. 






MAGNETIC CHANGES IN IRON AND STEEL BELOW 400 DEGREES 
CENT. By W. H. Dearden and C. Benedicks. Preprint, British [ron and Steel 
Institute, May, 1926. 


In this paper the authors give the result of their investigation on the low- 







temperature changes in iron and steel by a magnetometric method in which the 





specimens were heated while suspended at an angle of 45 degrees to a con 






stant 


magnetic field of 15 gausses. The complicated apparatus used in the 






experiment is described and the results given. Temperature-magnetization 






rves were photographically registered. 









ELECTRIC HEAT FOR THE MACHINE SHOP. 
imerican Machinist, June 3, 1926, page 865. 
This article sets forth the importance of electric heat in the industrial 


its variety of applications and its advantages. 
T'} 


By P. F. Creasy. In 







author is of the opinion that cost is only one factor, and while it may 





st_more to operate the electric furnace yet it has many advantages which 





tend to offset this factor. It is more compact, quiet in operation, requires less 
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pace, produces better working conditions, reduees fire haza 
tinuity of service and is adapted for automatic control and eo; 
proved quality and uniformity of produet, with reduction of | 
greater output result 

ilso deseribes a practical construction for heating to var 
says that the installation must be economically justified and 
ifter a careful study of all the facts warrant it. 








POINTING WIRE 
\l LAP 19 H. page 1] 





BY ELECTRICITY. By A. R. Petterso: 





This article deseribes in detail the method of producing 


wire dratting 


al 
in| points out the superiority of using electricity 


wav of filing or rolling It also sets forth the economy resulti: 


method in dies and serappage of wire. Wires high in earbon cont: 


easily pointed than soft wires, because the former are more res 
iuthor’s opinion, 








GETTING THE BEST OUT OF DIAMOND DIES. By B 


In Wire, May, 1926, page aa. 





This articles enumerates the common-sense rules which, if fo 


in the author's opinion result in the maximum service. 





PHOSPHORUS AFFECTS QUALITIES OF GRAY CAST [RO 
John W. Bolton. In Foundry, May 15, 1926, page 378, 


g 
The author deseribes this element and where and in what form 
in Nature Hle 





says that in this country all iron-bearing ores cont 
form or admixture of calcium phosphate. He deseribes the met! 
reduction and enrichment—depending upon whether high or low p! 
pig wons are desired. 


lle deseribes the basic steel making processes used in the b 
hearth or basie electrie furnaces by which phosphorus ean be elimi: 
the acid Bessemer, acid open hearth and crucible processes the re 
phosphorus is impossible hence pig iron low in phosphorus is used 
phorus is not desired. 

(‘ontinuing, he discusses the influence of phosphorus on east iror 
iron- phosphorus diagram. He is of the opinion that one of the sig 
effects of phosphorus is its lowering of the iron earbon eutectic. | 
sion, he says that phosphorus has little effect either in increasing or dit 
graphite, consequently it has little influence on shrinkage. 


The article is illustrated by numerous photomicrographs and diag 


TEMPERATURES IN THE HEARTH-ROOM OF AN OPEN -HEAI 
MURNACE. By Dipl.-Ing. H. Wilhelm, Brandenburg, a. d. Havel. 7 
tions, Steel Works-Committee of the Verein deutscher Eisenhiittenleut 





The measnrements of temperature were carried out on three 0} 
furnaces of 50-tons capacity, with the aid of Holbourn-Kurlbaum p) 
Making measurements while melting down the charge is very difficult 
deflected flame gases make it difficult to ascertain the surface ten 
also great difficulty is encountered in the measurement of the flamé 
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to the flare ot the flame and to the combustion of carbon 


sirements were accomplished on rapid, normal, and 


slow melting 

the fluctuation of temperature by the changes of the furnace. 

ts are: After tapping, the hearth temperature was 1550 degrees 

degrees Fahr.); in this time the upper part of the furnace has a 

of 1650 degrees Cent. (3002 degrees Fahr.). During charging the 

ce temperature decreases to 1500-1550 degrees Cent. (2732-2822 

according to the speed of charging. After charging the increase 

re of the upper part of the furnace amounts about 1 degree Cent 

Perhaps an hour before melting down, the maximum tempera 

of of about 1720 degrees Cent. (3128 degrees Kahr.) is attained 

ttling, charging of ore, chalk and ferromanganese the temperature 

about 1650 degrees Cent. (3002 degrees Fahr.). At hot heats the 

{ the furnace attains mostly the surface temperature of the bath 

emperature moves within the bounds from 1700-1880 degrees Cent 

{16 degrees Fahr.). Charging the furnace the flame temperature is low. 
im temperatures appear mostly towards the end of melting down, 


Abstracted by Dr. Hans Pollack, 


Germany. 
MENS-REGENERATIVE CONTINUOUS FURNACE, FIRED WITH 

STE GAS AND DIVISION OF FLAMES, By Oberingenieur A. Sprenger, 

Stahl und Eisen, Mareh 18, 1926, p. 361-368. 

furnace described in this paper was built in the plant of the Hauts 

ix et Aciéries de Differdange at Differdingen. 


The furnace plant, 
te extramural 


if the rolling mill serves a continuous small mill. The 
onsists of ingots from 6x6x85 inches, weighing about 900 pounds. 

this furnace a production of from 34.6 to 57.0 tons per hour were 

continuous action at the most eflicient gas-consumption and 

iron waste. The utilization of 


waste heat, the mechanical attendance 
ingement of slide rails in the furnace are described. The furnace 
type of slide bars are protected by German patents. 


Abstracted by Dr. Hans Pollack, 


Germany. 


NDAMENTALS OF DIE CASTING, By S. A. Hellings In 
June 15, 1926, page 472 


iper deals with the process of casting metals in permanent dies 


mparatively high pressure. This definition would indicate that 
as limitations. The shape of the casting is at 


) 


he size and weight of 


die 
present a limiting 
castings is increasing constantly. Alloys 
below 1400 degrees Fahr. are those which have been successfully 
i commercial scale. Mass production reduces the cost of die cast 
die casting, the construction of the die is of paramount importance. 


line, the cores, the runners, waterways, gates and vents must 
rately located. 


“, the author, shows by diagram the principal parts of the vertical 


casting machine. In this, the lower half of the die is stationary 
of operation i8 set forth in detail. 
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Continuing the writer enumerates the 4 types of alloys 
ings and describes when and how to use them, 


He also Says that many parts used in the manufacture 
die-cast. 


HARDENING AND TEMPERING PHENOMENA [N 
ALLOYS. By Dr, Ing. K. L. Meissner, Deutsche Versuchsar 
fahrt, Berlin Adlershof. Zeitschrift des Vereins Deutseh, 
March 20, 1926, p. 391-401, 


In this paper the author discusses all the investigations. 


to clear up the question of duralumin, an alloy consisting of aly, 


1.5 per cent eop ver, 0.5 per cent magnesium and 0.25 to 1.0 per cent 
| | s | 


Yn such an alloy, the inventor Wilm discovered the phenomenon 


supposed that magnesium produces the improvement and also st 


most favorable percentage of magnesium is about 2 per cent, 
[In 1919 Merica found that copper is the most important 


COLT 
alloy, The solubility of cOpper in aluminum decreases in the 


falling temperature; this decreasing is expressed in the alumi, 


SO 


diagram by the Separation line, defining the range of the solid 


(uAl, in aluminum from the range comprizing the heterogeneous 


mixed erystals and CuAl.. sy annealing at a temperature abo 


the copper is dissolved in aluminum; by quenching the 


alloy in 
solid solution is retained at room temperature. If kept some 


temperature the stable state of the alloy is formed and Meriea 


Su 


the increasing of hardness, connected with this procedure. js pro 


the separation of CuAl,, Merica has also substituted the ordina: 
‘t room temperature for the so-called artificial aging at higher te: 
rhe results of this aging method are: 

|) The increasing of hardness grows with the raising of th 
perature 


‘) The maximum of hardness is attained by aging above 
Lent. (212 degrees Kahr. ). 
(3) At aging temperatures above 140 degrees Cent. (284 deg 
it is possible that the hardness decreases after reaching a maximum 
+) At aging from 100 to 150 degrees Cent. (212-302 degrees | 
elongation rests almost unchanged, but decreases on less than the ha 
if higher aging temperatures are used. 
lurther, Merica concluded that there is a certain size of CuA 
on which the hardness and the strength of the alloy attain a maxin 
size was called by Z. Jeffries and R. 8. Archer as critical dispersion 
After some time W. Kraenkel stated the fact, that in the cours: 
at room temperature the electrical conductivity of duralumin deer 
Statement is in opposition to the assumption of Merica; further t! 


of the chemical resistance, increasing at aging, contradicts Merica’s su 
Therefore Fraenkel interprets the reason of refining by a chemical 1 
the quenched alloy, proceeding under formation of a solid soluti 

contrary the electrical conductivity increases if aging is carried out 
temperature. This phenomenon is also confirmed on the alloy Aludu: 
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vior of the chemical resistance, decreasing at this aging treat 
rd with the increasing of the eleetrical conductivity. Fraenkel 


by aging at room temperature a homogeneous solid solution is 









table state but aging at higher temperature leads to a heteroge 








s stable state. 









‘nd Gavler and Honda and Konno recognized that magnesium 


ter part in the refining of duralumin; added to aluminum it com 






t 


silicon, always present as impurity, to a chemical composition of 






tated also that the rougher duralumin is quenehed, the lower 
ness afte quenching, but the greater is the increase of hardness at 


The opinion of Honda and Konno about the refining phenomena 













ns upon the proceedings at hardening of carbon steel. The im 
s brought about by the effect of the chemical composition Mg.Si 
olution of CuAl, in aluminum, 
nvestigations of the last years proved, that alloys consisting of eopper 
num without magnesium may be also aged; but the improvement by 
room temperature is only inferior. These alloys must be artificially 
means aged at higher temperature. This fact was firstly stated by 
Fries and R.S. Areher. Portevin and Le Chatelier attained the same re 


Jeffries and Areher, they investigated alloys containing beside 






m and copper also manganese. 


Mor some time, there are also produced in Germany aluminum copper alloys 








ignesium; the alloy Lautal, consisting of 94 per cent aluminum, 4 per 
nt pper and 2 per cent silicon; this alloy is annealed at 490-510 degrees 
914-950 degrees Fahr.) quenched and aged at 120-140 degrees Cent 


= 


{<9°84 degrees Fahr.) during 16-24 hours; further there is the alloy Aeron 






ning 4 per cent copper, 1 per cent silicon and small quantities of 














On the alloy Lautal the author investigated the influence of the aging 
re from room temperature to 200 degrees Cent. (392 degrees Fahr.) 
nnealing and quenching on the Brinell hardness, the yield point, the 


trength, the elongation, ete., and comes to the conelusion that on arti 










ng every aging 


=~ ag = 


duration at an exactly appropriate aging temperature 





1 certain degree of critical dispersion of the CuAl,—particles, which 
maximum—trespectively the minimum values of the mechanical 
s. This degree of critical dispersion is called by the author as critical 
Kixeeeding of critical dispersion by too long aging at a certain 


iture or also by a too high aging temperature at a certain aging duration 


oagulation of the separations to ever greater particles, combined with 


of strength and an increasing of elongation and capability of 





the measurement of the change of length has been employed, 








Japanese investigators, to clear up the improvement-phenomena. 
letailed investigations on aluminum-copper-, aluminum-magnesium 


pper-magnesium-alloys and duralumin are those, published in 1924, 






The results of Jgarasi’s investigations cannot be explained by the 
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suppositions of Fraenkel or by that of Honda and Konno. 1 
best with the interpretation of Merica, rectified in relation to th 
Mg.Si, by Hanson and Gayler. 


Refining phenomena in aluminum alloys are produced by ad 
components which are absorbed by aluminum in solid solution in a 
tity and the solubility of those in solid state must decrease wit! 
The with the first 
magnesium, copper, zine, beryllium, lithium, silicon and the compos 
and MgZn.. 


Zine, 





perature, following components 





comply 











The second condition is performed by: magnesium, « 








MgZn, and finally lithium used as refining companent in the 








U'p to the present day we have not sueceeded in finding an all 


ii 


duralumin in 





every respect. The solution of the question of refini 











investigation of the eritical point of aluminum will it make per! 
to find even better alloys. 








Mor the latter investigation the manutfa 








aluminum of about 99.9 per cent may be of great importance. 


Abstracted by Dr. Hans Pollack, ¢ 
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THE SPECIFIC HEATS OF CARBON STEELS. By 
Kenku. Vol. 3, No. 4, 1926, 225-246. 

The author measured the specifie heat of carbon steels by me 
method of kinds of containing different 
carbon ranging from 0.09 to 2.84 per cent were investigated in t! 
to 12 The 





no 





page 

















mixture. Twelve steel 











temperatures from 23 





50 degrees Cent. results of experin 








summarized helow: 








1. The specific heat of earbon steels inereases with the rise of 
I 








ture up to the critical range, after which it remains perfectly 
” The heat the A, different 


It inereases linearly with the content of carbon up to 0.9 





of 





transformation for steels 





was 





} 

















carbon, and then linearly deereases, tending to zero at th 
tration of cementite. The heat of the A, transformation pe: 








the euteetoid 16.1 


3. By means of the extrapolation of heat content-concentration 


steel is ealories. 











different temperatures, the mean specific heat of cementit: 
to be 0.149 at 
The 


W 





150 degrees Cent. and 0.220 at 850 degrees Cer 








. \, transformation during cooling consists of the chang 


austenite —> martensite —> pearlite (troostite). 











The 



































eutectoid steel. 





Abstracted by Dr. Kotaro 






NICKEL AND THE 


METAL 
Vetal Industry, June, 1926, page 239. 


INDUSTRIES. By P. D. Mer 


The original paper was presented by the author at the ann 
the Canadian Institute 
Canada, March, 1926. 





meeting of of 





Mining and Metallurgy, in 








author not only determined the total heat of the A, transforn 
different steels, but also the heat of. transformation from aust: 
martensite and that from martensite to pearlite were separately det 
The former was 5.8 calories and the latter 10.3 calories, per gran 
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sets forth the development of the use of nickel in the plating 

foundry and in general industry. By means of a table he shows 

nsumption of nickel in the U.S. from 19035 to 1925 and he also 
vorld’s annual production of nickel from 1885 to 1925. 

er describes the development work in the industry since the end 
r and gives the present status of the market for nickel. He: 
t seamless nickel tubes have been produced recently in com 
lle deseribes the process of manufacture and says that they 
present time chiefly in dairy equipment. 

or is of the opinion that at present there is no cause for worry 


ustion of nickel mines in Canada. 
HE RELATION BETWEEN THE LATTICE-CONSTANT AND 
VSITY IN TRON-NICKEL ALLOYS. By Atomi 
Vol. 2, No. 8, 1925, p. 809-816. 


Osawa; Kinzoku 


vhole series of iron-nickel alloys, the lattice constants and the 


determined, both for the annealed samples and those dipped in 


The hardness of these samples was also measured; the results are 


whole series of iron-nickel alloys excluding the heterogeneous 
12-35 per cent nickel), the density actually observed and that 
ted from the observed lattice-constants agree very closely with 
other, the simple substitution of iron and nickel atoms being 


100 
(Fe) (Ni) 
heterogeneous range of iron-nickel alloys lies between 12 and 33 
cent of nickel at room temperature, and between 15 
it the temperature of liquid air. These 
ent 


and 35 per 
ranges can very con 
ly be studied by means of the X-ray analysis; they can he dis 
ished from the homogeneous ranges by the co-existence of the 
trums of alpha and gamma types. 

listribution of the homogeneous and heterogeneous ranges can be 
ted from the equilibrium diagram (Fig. 1) of iron-nickel system 
sed by Professor K. Honda. This diagram also explains the well 
n heterogeneous structure of meteorites. 


hardness-concentration curves for iron-nickel alloys show the pres 
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ence of martensite and austenite even in slowly cooled 
if 21 


annealed and severely cooled samples, respectively. 


maximum hardness attained at and 27 






per cent ot 


Abstracted by Dr. Kot 















HARDENING 





OF TOOL STEEL 





IN WARM 


WATER 












Dobrovidoff. Journal, Technological Institute of Tomsk (U. s 
1925, pages 31-34. 
\ great many test pieces of carbon steel (carbon 0.95 px 











prepared some of which were subjected to hardening from 760 





in water, warmed up to different temperatures (30-80 degrees Cent 





to a similar hardening with subsequent tempering at the temperat 
100 This to 


process of changing the characteristics of steel is the same at rely 





degrees Cent. investigation proposed determine 

















negative hardening relatively to the passing from the marten 
to the Three of 


gravity, scleroscope hardness and resistance to fracture; the sp 





pearlite one, characteristics 





steel were stu 











of the test pieces before heat treating falling between the limits of 
and the of 40-43. 
being the average ones of or 3 determinations are given in T 

Graphical representation of the obtained results, the different 
the both 
noted: during reheating this changing proceeds smoothly and 





the hardness in limits The results obtained hb 





») 








changing of mentioned characteristics in 





ranges of exp 


} 


at the 





} 


hardening it is accompanied by a notable leap at the temperatu: 











60-70 degrees Cent.; this shows that the graduation of changing of 





into pearlite in either case is not the same. 
Abstracted by M. Oknoff and G. N. Koulginski, Leningrad 
LEAD—AS A BATH MATERIAL. By R. B. Schenck. 


Vachinery and Manufacturing News, June 10, 1926, page 14. 























The author is of the opinion that careful consideration should 








to the combustion chamber. He also enumerates the items pertal 











design and installation of a furnace to which especial attentio: 
given. 





By means 





of 


a series of diagrams, he shows the various cont 


methods of mounting them, the installation of an oil-fired furnace fo 
camshafts, ete. 











The author also sets forth how the flame may be effectively 1 
the method of controlling the temperature. 





He describes the types ot 
which may be used to avoid lead loss and dirt, and states that the « 
The kind of 





covering must also be taken into consideration. 
pends upon the nature of the work. 








Skimming is necessary at mo 


frequent intervals. 





The writer is of the opinion that molten salts 


composition are effective 





As 


4 covering but expensive. 





work and small lead loss, but on large pots the amount of heat rad 
the surface of the bath is great. 

ON THE ELECTRIC RESISTANCE OF PURE METALS IN 
STATE. Vol. 3, Ni 
p. 254-261. 











By Yosiji Matsuyama. Kinzoku no Kenku. 








They result 





eovering 


\I 
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of measurement is that constantly used in our laboratory (CT. 


Rep. Vol. 13, 1924, 75), and the metals investigated were Hg, 


vo, 
Sn, Bi, Al, Ag. 
in the accompanying figure (Fig. 2) shows the relation be 


resistance of molten metals and the temperature; the specifi 


900 1000 1100 
300 400 500 600 700 


these metals increases more or less with the rise ot temperature, 


ise zine in which a slight decrease in observable. 
following table contains the specific resistances of the molten metals 


nelting points 


He Sn Bi Cd Pb Zn Sb Al \g 


10° 93.1 48.1 126.7 32.2 95.8 37.0 115.0 25.5 17.3 
Abstracted by Dr. Kotaro Honda. 


OUNTING PATTERNS REQUIRES VARIED INGENUITY—IL. By 
huttl In Foundry, June 15, 1926, page 479. 

hor discusses the difficulty of locating the pattern parts by center 

| and flask holes to measurements and obtain an absolute match. He 

method for obtaining good results and is of the opinion that the 


‘le method prevents mistakes in closing. 


thor by the use of various diagrams and detailed descriptions shows 
the castings will 


and drag may be accurately located so that 


ope 
ift, 
EFECTS HIDING IN STEEL CASTINGS. By F. J. Stanley. In 


July 1, 1926, page 12. 
thor sets forth in his paper some of the difficult defects to de 
porosity, blow 


He 


enters quite comprehensively into the causes of 
ks and many other defects and states how to prevent them. 
pinion that manganese and silicon, deoxidizing agents, are effective 


nation of porosity. Shrinkage cavities are a source of annoy 
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ance and are difficult to detect and the author says there 


and that is insufficient liquid metal to satisfy the demands 


is 


in cooling. Small defects are often caused by wrong patterns 
feeding properly. Cheap patterns are frequently a source of 
remitting intelligent direction would seem to be the solution 
lem of making non-defective steel castings, is the opinion of 

REDUCING THE COST OF CARBURIZING TRANSMISS 
STOCK. By J. B. Nealey. In Jron Trade Revieu, 
1431. 


Scientific principles applied to the requirements 


June 


mass pri 
greatly contributed to the rapid development of* the automobi 
Simplification of design, economies in production and the mar 
tougher and more durable steels have made possible ithe averay 
The author is of the opinion that carburizing, which is one 
widely used branches of heat treatment, is of vast interest t 
lurgist, because of the difficulty in obtaining evenness of heat 
thinks that uniformity of case is essential. He gives data o 
and other costs and also cost of carburizing per pound. By mea 
photographs and tables the paper is made concrete. 

THE DEVELOPMENT OF THE MANUFACTURE OF | 
STEEL IN ENGLAND AND AMERICA, By H. Saemann, Niirn 
und Hisen, March 31, 1926, p. 436-441. 

The author outlines briefly the development of mechanical p 
ing the last century. 

The modern American puddling works utilize the old ideas 
days; the obtained successess are founded on the better constructi 
ance of the furnace, on the use of best qualified refractory mate: 
increase of the furnace output, on the construction of productiv: 
and machines for working up the puddle balls. 


The author describes the puddling plant and the furnaces of 


lron Co., further a type of puddling furnaces being well adapted fo: 


of scrap, the Roe puddling machine of the Reading Tron Co. and 
James Aston process for the manufacture of wrought iron. 
The fact that the manufacture of wrought iron has anew gai 
portance is not only connected with the reduction in price of the pr 
also with the recognition of the valuable properties of wrought i 
consumers. Abstracted by Dr. Hans Pollack, G 
HIGH QUALITY CAST IRON. By Dr.-Ing. Th. Klingenst: 


chrift des Vereines Deutscher Ingenieure, March 20, 1926, p. 387-9! 


Cast iron is classified in: (1) ordinary machine casting wit 


strengths up to 21,500 pounds per square inch, (2) high quality ma 
ing with tensile strengths up to 25,600 pounds per square inch, 
casting with tensile strengths up to 37,000 pounds per square inch, (4 
special castings. 


The tensile strength of high quality cast iron is from 25,600 


pounds per square inch and even up to 57,000 pounds per s 


corresponding to a Brinell hardness from 180 to 210 and even 
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nes have been ascertained on test bars of (830mm) 1.18 inches in 
e cast iron diagram, laid down by Maurer, is only applicable to 
of cooling; this latter and with it the strueture is influenced by 
of carbon and silicon and by the thickness of the casting. The 

s a diagram showing the structure of cast iron in relation to the 
earbon ++ silicon and on the thickness. The structure of high 
iron consists of a pearlitic matrix and of graphite, which affects 
strength in a high degree by the quantity and the manner of its 
Therefore the different methods of manufacturing high quality 

re founded on the influence of the total carbon content, which should 
as possible, and by this also on the separation of graphite. Then 
or mentions briefly : the Thyssen Emmel process, the details of which 
nerally known, the process of the Maschinenfabrik Esslingen, accom 
the Wiist furnace, an oil-fired reverbatory furnace and the melting 


nid 


y in the eleetric furnace, Another process for manufacturing high 
ist iron with an eutectic graphite structure was described by Schiitz. 

estigations of Piwowarsky hitherto existing show that the formation of 
is essentially influenced by overheating the cast iron, 

Abstracted by Dr. Hans Pollack, Germany. 


THE RELATION BETWEEN THE LATTPICE-CONSTANT AND 





DENSITY IN TRON-CARBON-NICKEL ALLOYS. By Atomi Osawa. 


no Kenku. Vol. 3, No. 4, 1926, p. 247-253. 


In the same way as in his former experiment, the author investigated the 


mentioned relation for iron-earbon-nickel alloys, that is, for nickel 
The results are as follows: 

By means of the X-ray analysis, the measurements of the specifie density 
ind the hardness, the heterogeneous range was found to be 5-22 per cent 
t room temperature and 5-34.8 per cent at liquid air temperature, 
the carbon content being 0.5-0.8 per cent. 

In the iron-carbon-nickel alloys, a certain amount of carbon seems to 
lissolve in the gamma phase. For example, at 35 per cent nickel, 0.46 
per cent carbon and at 60 per cent nickel, 0.18 per cent carbon are dis 
solved in the gamma phase. By the dissolution of carbon, the lattice 
onstant of the gamma-phase increases by 0,.006-0,007 angstrom units 
per gram of carbon. 

in the iron-carbon-nickel alloys, the maximum hardness is considerably 
vreater than that in the iron-nickel alloys, and takes place at much 
wer concentration of nickel. 


Abstracted by Dr. Kotaro Honda. 


ON THE HEAT OF TRANSFORMATION IN NICKEL AND COBALT. 


ro Umino: Kinzoku no Kenku. Vol. 3, No. 5, 1926, page 228-293. 


lhe author measured by the same method as before the specific heat of 


\ 
\ 


nd cobalt at various high temperatures, and calculated the heat of trans 
min nickel and cobalt to be:— 


Kel: heat of magnetic transformation 2.01 calories ; 
heat of magnetic transformation ?.00 ealories, 


heat of new allotropie change at 460 degrees Cent., from the hexag 
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onal to the face-centered 


H. Masumoto) 





lattice during heating 
1.04 calories, 


Abstracted by Dr. 






Kota 





ON THE SOLUBILITY 
TEMPERATURE. By Yukio 


1926, page 294-297, 


OF CARBON 
Yamada: 


IN PURE 


Kinzoku ho 


LRON 
Kenku;: Vi 











By means of the electric 






resistance method, the specifie resist 


kinds of low carbon steels containing from 0.01 to 0.089 per 


erent 













were measured. The resistance-concentration curve was linear. |} 
of solubility of carbon lies within these concentrations, the curve » 


break point ; this being not the enuse, it is to be coneluded that thi 






of carbon in pure iron at room temperature is less than 0.01 pel 





result agrees with that of Yensen. The solubility of carbon at the 





already known to be 0.035 per cent, ; 
Abstracted by Dr. Notar 










OF SOFT 





HARDNESS METALS. By 


des Vereines Deutscher Ingenieure, March 20, 1926, p. 


Baumann 
403-404, 
methods, the Shore method, the Brinell 


Richard 






Three hardness test 


the ascertainment of shock-hardness have been examined. 





The seleroscope type, Schuchardt und Schitte, gives proportior 


values on soft metals; therefore for measuring the hardness of suc} 





second hammer is used. The ratio of the hardness numbers, ascert: 


0.69 





the two hammers, changes from (rolled brass) to 0.40 








aluminum), while the ratio given by the manufacturer amounts 0.563 
soft 


10-millimeter ball and a 


‘or testing the hardness of metals after the Brinell met 


advantages to apply a load of 250 kilogn 

lond should be applied for 30 seconds. The hardness numbers obt 

application of balls of different diameters and different loads vary 
With 


determined by 


a shock hardness tester, type Baumann Steinriick, a gaging 





testing different metals. The ball used for this t 










diameter of 10 millimeters, the applied shock-intensity he. 2 
hardness numbers determined on the gage line charaeterize the hardnes 
tested metals in a satisfactory manner. 


Abstracted by Dr. Hans Pollack, tr 











OXYGEN AFFECTS 
Jordan and W. FE. 


The theory that strength increases with oxygen content is not 





CHARCOAL IRON, J. R. Eekn 


In Foundry, July 1, 1926, page 506. 


By 
Jominy. 


by tests made by the Bureau of Standards. 





This paper was presented by W. E. Jominy at the American | 


men’s Association meeting in Milwaukee and compares the mechan 






erties of charcoal and coke pig irons and of the remelted cast 


these two types of pig iron. Mr. Jominy called attention to a 





in the size and form of the graphite in the strong and weak castings 





described them. The Ledebur method for oxygen and results obt 
its use are set forth. Table I gives Johnson’s Values for Oxygen in “I 





and Weak Pig 


Irons, 








of Goshe 


Indiana, 


L.oe 
Pittsbw 
facturll 
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Reviews of Recent Patents 
By 
NELSON LITTELL, Patent Attorney 
A75 Fifth Ave., New York City 
Member of A. S. S. T. 











1.588.534, Process for Treating Iron Castings, Harry A. Engman, Jr., 
¢ Goshen, Indiana, Assignor to Engman Range Eternal Co., of Goshen, 

Indiana, a corporation of Indiana. 

patent describes a process of treating malleable iron castings 
rs from the prior practice in that the castings are polished as 
from the mold and then subjected to the annealing temper 


is reversal of steps is claimed to produce a polished malleable 













iving greater rust resisting properties than the same kind of 


ch is polished after annealing. 


1.588.641, Electric Heat Treating Furnace, James C. Woodson, of East 
Pittsburgh, Pennsylvania, Assignor to Westinghouse Electric and Manu- 
facturing Company, a corporation of Pennsylvania. 

This patent deseribes a continuous tunnel furnace and apparatus for 


selected portions of an article to be annealed. The furnace com 





unel kiln 11 heated preferably by resistance wires 15 embedded 


or ‘ ‘ 
~4a- ~_-a ‘=e 

























insulating elements 16 and 17 at the top of the furnace. 
ents a car traveling on the rails 12 through the furnace, which 
be provided with the coiled pipe 23 through which a cooling fluid 
Supported by the car 13 are a series of insulating blocks 19 having 
herein to reeeive the end of the article which is not to be an 
\s illustrated, the article, such as harrow teeth 22, may be in 


the holes in the refractory blocks 19 so that the base of the 


be kept insulated and cool by the refractory blocks while the 






rtion or point of the article will be heated as it passes through 












e to the required temperature for annealing 


>" 
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1,588,725, Sealing Material, Herbert Martin Edward Heinicke. 
Illinois, Assignor to Western Electric Company, Incorporated, 
York, N. Y., a corporation of New York. 


This patent deseribes an improvement in sealing compounds 


nealing boxes, pots or the like, in which in additien to the loa; 
clay used to seal the lids on annealing containers, a fusible n 


used which will fuse and run into the cracks, which appear in 


or fire clay as it is heated. This fusible material may be » 
(sodium carbonate), borax or any stable salt which will fuse at 
paratively low temperature. As shown in the figure, the top 11 
annealing pot is provided with a groove 12 into which the rim 14 
cover 13 projects. In this groove the ordinary refractory material, s 
as fire clay or loam 15, is placed to heat the edges of the container 
above the loam or fire clay is placed the fusible sealing mixture 16 so t! 
during the heating, when the fire clay or loam cracks or shrinks, t! 
ing mixture will fuse and quickly run into the eracks or shrink ca 
to maintain a seal on the pot cover. 


{ 


1,589,013, Method of Annealing Metal, Harry S. Lee, of Plymouth 
Michigan, 1,589,014, Permanent Mold. 
Patent No. 1,589,013 deseribes a method and means for a: 


1,58 
castings made in permanent molds, particularly gray iron castings 


John Ye 
Thi 
























REVIEWS OF RECENT PATENTS 

















In 


. furnace for melting the metals and from which the metal is poured 


hilled in the casting in a metal mold. the drawings, a indi 

olds b, which are traveling on a continuous belt or conveyor c 

from any suitable source of power M. At the end of the con 

r opposite the furnace a, a plurality of tanks d are provided which 

with powdered kieselguhr, diatomaceous earth or the like, so 

hen the eastings of the molds b are dumped in the tank d the pow- 

eselguhr acts somewhat like quick-sand to very quickly surround 

and protect it from the loss of heat, to permit slow cooling 
oxygen from contact with the heated surface thereof. 


exclud 
Patent No. 1,589,014 deseribes a permanent mold for the casting of 
s therein, provided with a heat-resisting lining which will increase its 
id prevent chilling of the casting. The lining consists of a mixture 


part of borax to four parts of kieselguhr with water as a earrier, 


ch mixture is preferably sprayed slowly over the surfaces of a mold 
ited to 200 to 300 degrees Fahr. The mixture covers the surface of the 
id with a fine chalk-like coating. When the metal is poured into the 
| at 2000 degree Fahr., the borax melts and fuses the mixture in the 
| providing a glassy, insulating lining C on the interior of the mold A. 





1,589,062, Iron Casting, Joseph Ernst Fletcher, of Dudley, and Horace 


John Young, of Whitley Bay, Northumberland, England. 


This method describes a method of producing iron eastings of great 
geneity and toughness, having a high resistance to wear, a high 
usile strength and a eapacity to withstand shocks. The iron employed 
ntains preferably less than 3.5 per cent of carbcn and the other ele- 


nt 


ts as normally found in commercial cast iron. Castings are preferably 
duced in sand, plaster or graphite molds, using chills where necessary, 
ler conditions to produce a predominantly pearlitic structure. The 
isting is then heated to the Ae, point and cooled to form an austenitic 
‘trueture, reheated to a point below the Ac, point and cooled to decompose 
\ustenitie structure and form an intermediate pearlitic and austenitic 


etuyr 


having the desired properties. 


1,589,235, Device for the Local Annealing of Pressed Parts, Edmund 
Schroder, of Berlin, Germany. 


‘is patent describes an apparatus for annealing selected parts of 


‘ucts as, for instance, the rim and walls of a deep drawn pot, 
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such as PP. The apparatus comprises a pedestal or matrix \ 
beveled rim p adapted to reeeive the rim or flange of the yy 
article to be annealed, and a hollow plunger s fitting into th: 
the matrix M and into the top of the pot P and earrying a « 


K adjustably secured to the outside of the plunger s 


and 
diameter as to extend between the plunger of the pot P to mal 


therewith. By suspending the pot within the matrix M and insert 
plunger therein within the required distance, and passing a eur 
the transfer T through the matrix and plunger and the portion of 

P which is between the top thereof and the contract ring K, t! 
portion of the pot may be heated to a sufficient temperature to 
drawing strains and anneal the same. When the pot has been heat 
the required temperature, the current may be turned off, the 


raised and the pot P removed from the matrix by means of the p 





WEWS OF THE CHAPTERS 


News of the Chapters 


STANDING OF THE CHAPTERS 
ly issue of TRANSACTIONS appeared the relative membership stand 
e 29 chapters of the Society as of May 1, 1926, and as of June 1, 
tubulation which appears below shows the relative membership 
the chapters on June 1, 1926, and July 1, 1926, 
STANDING OF THE CHAPTERS AS OF JULY 1, 1926 
GROUP II GROUP III 
(380) 1. Lehigh Valley .(140) 1. Los Angeles 
374) 2. Hartford 35 2. Tri City 
3. Golden Gate 3. Rockford 
.(319) 4. Syraeuse .....(100) . Washington 
(318) 5. Milwaukee (99) 5. New Haven 
. (260) ). Cineinnati Q ). Woreester 
(238) . Indianapolis 
. St. Louis . Schenectady 
suffalo 57 9, Montreal 
North-West .... (-: . Toronto 


Rochester 


Rhode Island... 
Fort Wayne 
Springfield 
STANDING OF THE CHAPTERS AS OF JUNE 1, 1926 
GROUP | GROUP II GROUP III 
troit . (386) 1. Hartford (138) . Los Angeles 
veland .....(376) 2. Lehigh Valley..(137) 2. Tri City 
. (356) 3. Golden Gate...(129) 3. Roekford 
. (317) . Syracuse .....(101) 4. Washington 
.(312) 5. Milwaukee ....(100) 5. Worcester 
. (255) . Cincinnati ..... (83) 3. New Haven..... 
. (234) . Indianapolis ... (82) . Rochester 
8. St. Louis.......(76) 8. Schenectady 
Buffalo Toronto 


10. North-west ....(4! 10. Rhode Island 


11. Montreal 
12. Fort Wayne.... 


13. Springfield ....(30) 
vere 77 new and reinstated members, 44 lost by arrears, and 15 
and deaths, leaving a net gain for the month of 18. The total 
of the Society at the present time is 4028. 
|—The first two chapters in Group I suffered a loss, Detroit being 


and 2 below their readings on the previous report. This was due 
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to non-payment of dues, of Which Cleveland and Detroit both 
On account of resignations. 

Group I] Congratulations again to Lehigh \ 
No. 2 to No. 1. and is again at the head 
first place for the month of April, | 


Lehigh Valley is back 


‘alley, who 
of the group. Lehigh 
ut Hartford passed them 
on the job again with a lead of 
remaining chapters in this sroup are occupying the same position 

Group Il I—DLos Angeles continues to head 
members over Tri City. Worcester and New 
New Haven occupying 5 and Worcester 6. 
Group IIT was the addition of 1] 
them a total of 48, ] 


D Over H 


this group wit} 
Haven have exch 


The most Pronounce 
. 


INDIANAPOLIS CHAPTER 


Owing to the great enthusiasm and interest shown by the 
Indianapolis Chapter who live in 
arranged for a special feature | 
tude to the numerous members 
meetings. The number of out-of-town members and guests 
continually at each successive 


fellowship incidental to the technical and educational] 


programs, 

On Monday evening, May 10, 
Was served very promptly to more than ] 
‘ame from nearby eities and towns, Anderson, Indiana, alone 
thirty. As a rather 
Was discussed, and immediately after the 
sway, 

Through the courtesy of 
Klectrie Division of General 
of their foremost entertainers 
it was very difficult for our chairman, W. G, 
the fun and proceed with the 
demonstrated that he knew 


Praed, to eal] for a 


addresses 


good jokes brought forth so much laughter that one 
that the audience were sober minded steel workers, 

and Counceler with their harmonicas setting a high mark for the 
ucts. Messrs. Stome, 
only knew the best songs but could sing’ them 
and heat treatment could be forgotten. Max Terhune then gave 
‘‘Barn-yard’’ imitations. His whistling was 
Just imagine itself down in the barn vard watching the farmer 
referee a free for al] between 
Miller, president of The City 
Indianapolis’ financial circles and a 
the audience back twenty-five ye: 
and gradually traced the develo} 


stock ownership in which the men working in the different plants 


3 new members to the Montreal « 
above Toronto and tied with Schenectady Tor St 


mem bye 
nearby cities, the executiv: 

rogram endeavoring to show the Office; 
and guests coming to our city for t 
have 
meeting showing that they do enjoy 


the last of our 1925-1926 meeting 


“9 members and guests, ma 


long program had been planned, only essentis| 


dinner, entertainment was 


our members who are affiliated with 
Motors Corporation at Anderson, Indiat 


journeyed here and afforded so muc! 


Ss. Max Terhune, a Remy 
ventriloquism as well as manufacturing, 
could scarcely 


Then came Messrs 


Haynes, Thompson and Ice then showed that t 


so that all the Cares of the 
so good that the audie: 


the dogs, hogs and other contenders 
Trust Company, Indianapolis, a shining 
great ‘‘ Booster’’ for Indianap 
ars when all industry was individua 


ment of industry down to the present 
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d-holders not only of the company for whom them are working 
er companies, The great change in ownership and responsibility 
wonsible for the remarkable development and success of the giant 
as the American Telephone and Telegraph Company, The United 
L, S Corporation, The General Motors Corporations and thousands of 
iy railroads, mining, chain stores, ete. He repeated that never 
history of the world had the individual the same opportunities as 
the United States today. Knowledge, confidence and persistence 

a % ess to ail. 
- H. Wickenden, metallurgist from the development and research 
- + of The International Nickel Company of New York City, gave an 
Ving teresting and inspiring illustrated lecture on ‘‘ Automobile Design and Auto 
Steels,’’ and gave the audience a good idea of the necessity of com 
entifie knowledge with actual ‘‘road testing’’ in the development 
mobile which will stand the hard usage given it by the average 
; He stressed the importance of making the proper selection of steels 
rticular purpose and then giving these steel parts the proper heat 


ent so as to be able to make use of all the strength possible. Failures 


the ng expensive in dollars and cents as well as jeopardizing human life, it is 
( ; s best to use the best materials and give the materials the best known 
y the t ts. Diseussion followed. 

The officers holding office in the local chapter during the past year were 
ngs’ d ted for the coming year. These include, W. G. Praed, assistant super 
ny of rendent of The Link Belt Company, as chairman; Carleton B. Edwards, 
Mies blic Creosoting “o., vice-chairman, and Clarence H. Beach, steel sales 
ial busines vent representing Bliss and Laughlin, Ine., as secy-treas. 

' vecutive Committee includes: 


« Thoms, Marmon Motor Car Co., Indianapolis. 


The RB King, EK. F. Houghton Co., Indianapolis. 
a : n Beyers, superintendent, Indpls. Drop forging Co., Indianapolis. 
\ e, chief engineer, J. D. Adams & Co., Indianapolis. 
nae yer Emmert, tool supervisor, Remy Electric Co., Anderson, Indiana. 
vy f | Killion, Link Belt Co., Indianapolis. 
and lhe next meeting will be held early in September just prior to the annual 
lv eo tion at Chicago, C. H. Beach. 
essr's LOS ANGELES CHAPTER 


regular monthly meeting of the Los Angeles Chapter of the American 
or Steel Treating was held June 12, 1926. 


ii ) ~ ety + 


ye Une s \t two o'clock in the afternoon of Saturday, June 12, about eighty 


ers 


and guests of the Society gathered at the Union Tool Company’s 


nt in Torrance and were conducted by Wm. 8S. Grau, the superintendent of 
ny tion, through the plant. This concern specializes in the manufacture of 

ers. well drilling equipment and kindred products. The plant covers about 

ng lig acres of ground and is equipped to make all kinds of machinery 

pons vell drilling industry from pig iron to the finished product. 

aily W . The steel] 


| foundry was first visited, and while the visitors were being 


through that department an ingot heat was poured from one of the 
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electric furnaces. Much interest was taken and many questions 
the iron foundry was inspected and then all went to the machir 
building is some thousand feet long by one hundred feet wid: 
to interest with its hundreds of machine tools and variety of jo 
each individual in some respect or other. 
The trip through the forge shop opened the eyes of all 

of the largest on the coast and has two forging presses as wi 
dozen steam hammers and several forging machines. 


The heat treating department came next, and needless to sa 





investigation was made. 





After that the tool room was looked over and*some of the 





were taken from the vault to 





give those desiring information along 





chance to ask about them. 





One of the noticeable things about the party was the interest 





members in the general design and machining methods over and 











which one would expect from steel treaters. Besides this, sever 








inquired into routing, order and cost methods and such queries were «1 





At the conclusion of the inspection tour, Chairman Stiles ot 
chapter, in behalf of the members thanked Mr. Grau and J. O. Bis 








assisted Mr. Grau, for the privilege of inspecting this up-to-date p 








Mr. Stiles called to the attention of members and guests present 





the Los Angeles Chapter had made to start a course in practical n 





and heat treatment of steel. 








The first lecture of a course of twelve was given Tuesday nig 








members have enrolled, and from all indications we feel the cours: 





great suecess and one from which the members will derive a great 





Oo 
= 





benefit. k. ¢ 
PITTSBURGH CHAPTER 


The June meeting of the Pittsburgh Chapter was postponed 























usual first Thursday of the month to Friday, June 18, in order that t! 





might avail itself of an invitation to visit the Heppenstall Forg: 
Company works. 








Somewhat over one hundred members assembled at the executi 





at four o’elock and were escorted through the works in groups. 





The melting department was first visited at which time a heat w 





and poured, 





Considerable time was spent in the forge department, as th 











die blocks. 








and general machine shop departments. 





On the way back to the executive building, the chemical, metallog! 





testing laboratories were shown. 





At 6:30, the members assembled in the company dining roon 





elegant dinner was served during which there was musie and spee 





At the conelusion of the dinner, the tables were removed, 


The shear blade department was next visited and finally the heat 


29, by Prof. W. Howard Clapp of California Tech, Pasadena. ‘Thirt 


W 


were greatly interested in the extreme care and precision used in the fo 





\\ 
\ 
S \\ 
| ? 
i i 
ening 
\\ ] 
lt 
t 
i! 
ts 
Mh 
; 
( 
TO 
t t 
si 
} 
rmat 
Irie 
ryet 
\ 
1. 
i 
+} 













































NEWS OF THE CHAPTERS 


paper, a good vaudeville show was put on which was very much 

re will be no chapter meetings during July and August. 
Harry A. Veeb, J 
ST. LOUIS CHAPTER 

is nhead of European countries in the treatment of steel be 
mass production, notwithstanding the great progress all countries 
¢ the war when the need for war tanks created a demand tor better 
steel. This was brought out at the June meeting of the St. Louis 
George S. Rogers, research department of KE. EF. Houghton and 
Philadelphia. Mr. Rogers recently returned from abroad where 


le a comparative study of heat treatment in Germany, France and 


While Mr. Rogers did not approve the governmental ideas of the Italian 
Mussolini, he stated that under the new regime Italian steel men 
wh more progress than other countries in the east. Italy has fol 

\merican idea of mass production, he said. 
lhat better results have come from the use of liquid salt baths in forging, 
ening and tempering tool equipment was a point made in the address. — It 
s shown that the 400,000 machinists employed by the railroads are learning 
e of tools treated by this process. 
talk was directly in the line of interest of the members present. 
features touched upon were in reference to how the oil industries and 
g mining interests are following the trend of better heat treatment. The 
ts was ‘* Progress with Metal Industries. ’’ 
lhe meeting was held in the American Hotel Annex, and was well attended. 
y \ vote of thanks was extended the speaker, which being interpreted in the 
vuage of the country editor would mean: ‘‘Come back again, George! ”’ 


C. G. Werscheid. 


(Continued from Page 310) 
show an even harder composition than martensite, especially in the 
per-eutectoid steels. This position also seems to be a transition point in 
solid solution of Fe,C, wherein it changes to some other carbide, possibly 
s Austen states, to Fe,,C, and thence transforming into still another car 


present in martensite—possibly the crystalline carbide. As this trans 

. formation seemed to be accompanied by a slight swelling or expanding of 

metal, and a later reduction when the change to martensite, or to the 

ystalline carbide, Fe,C, is fully accomplished, it was thought that possibly 
t] 


ypothesis was correct, though now that thought is no longer held or 


xpressed 


ng y 


om the above, the contention is that instead of trying to form separate 


thesis for each and every step of the transition from gamma to beta to 
rons, these formations should be considered simply as a part of the 
ustormation range and that the transformation was arrested at these 


+ 


showing these stages of the transition, which, in this case, has been 
as separate formations, and yet seemingly held in the one phase 
ron, purely an analogy hardly to be accepted—notwithstanding the 
Sil that Dr. Hanemann occupies in the field of metallurgy. 
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Items of Interest 


ee graduates of colleges and universities have been 

search Fellows to conduct an unusually extensive program 
mining and metallurgy at the Carnegie Institute of Technology duri 
ing year, according to an announcement. The work, as in the past, wi 
on by the Department of Mining and Metallurgical Engineering, in 
with the Pittsburgh Station of the U. S. Bureau of Mines and 


direction of two advisory boards of engineers and business men repr 


the mining and metallurgical industries. 

The appointees and the institutions from which they were grad 
Clarence L. Corban and G. R. Fitterer, Rose Polytechnic Institute: 2: 
Branting, University of Utah; R. 





L. Geruso, Rensselaer Polytechnic Insti 
Charles H, Gilmour, Syracuse University; E. R. Perry, Hastings College: 
B. Royer, Pennsylvania State College; E. J. Talbert, University of New H 
shire; N. A, Carl E. Traubert, University 


Denver; Stanley P. Watkins, Birmingham Southern College; R. E. Wik 
























Toleh, University of Illinois; 
versity of Minnesota; Donald C. Jones, Carnegie Institute of Techno! 

Of the thirteen investigators, five will study problems in metallurgy 
eight have been assigned to carry on research in problems relating to 
mine engineering. The program of metallurgical studies will be super 
officially by an advisory board of Pittsburgh District Steel men and engineers 
The coal mining investigations will be made under similar conditions wit! 
advisory board of coal operators and mining engineers. 

our of the studies, it is announced, will be financed by the Carneg 
Institute of Technology, while the remainder of the work will be underwritt 
by the industries. Among the contributors are the American Gas Asso 
which is interested directly in a study of ‘‘ warning agents for manufact 
the National Coal Association, the New York Edison Company, 
other industrial enterprises. 


gas, ,? 


Senior investigators to assist the Research Fellows will be furnished 
the Bureau of Mines. Problems have been selected and assigned for thie y 
as follows: ‘‘Constitution of Low Temperature Tar,’’ by B. F. Branting 
Fellow, and R. L. Brown, Senior; ‘‘Coal Ash Fusibility as related to Clink 
ing,’’ by C. L. Corban and E. J. Talbert, Fellows, and P. Nichols and A 
Selvig, Seniors; ‘‘ Formation and Identification of Inclusions in Steel,’’ b) 
R, Fitterer, Fellow, and C. H. Herty, Senior; ‘‘Solubility of Iron Oxid 
Iron and Its Effect on Physical Properties of Pure Iron,’’ by R. L 
Fellow, and C, H. Herty, Senior; ‘‘Flammation of Fine Sizes of Coal Dust, 
by C, Fellow, and C. M. Bouton, Senior; ‘‘ Electric Powe! 
Storage Batteries vs. Trolley Locomotives,’’ by Donald C. Jones, Fell 


L, C. Isley and C, W. Owings, Seniors; ‘‘ Warning Agents for Man 


Gers 


H. Gilmour, 


(Continued on Page 34 Adv. Sec.) 
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rreau is for all members of the Society. 


rates: 


ADVERTISING 


Employment Service Bureau 


. 
| 
—— 
ng minimum of 30 words $0.50; each additional word $0.02. 
. service is also for employers, whether members of the Society or not. 


SECTION 


Want ads will be printed at 

















is serviee are as follows: minimum of 50 words $1.00; each additional 
—_— ¢ Fee must accompany copy. 
\jdress answers care of AMERICAN SOCIETY FOR STEEL TREATING, 
Prospect Ave., Cleveland, unless otherwise stated. 
——————0000000?:xKxerx LL£2OLLLLLKLKLLKLKLK—<— 
POSITIONS WANTED POSITIONS OPEN 
. SITION AS METALLURGIST Can take WANTED: Furnace expert for selling, installing and 
¥ chemical and microscopic labora operating new type of automat temperature control 
s y  - supervise all types of heat treating; equipment for gas-fired and oil-fired furnaces and 
tor cperience in ease hardening. Have done electrical ovens and furnaces, also steam heated pro 
ex service work, College graduate, 36, esses, Must have real practical knowledge of fur 
al | held responsible positions, No re naces and experience with automatic control Engi 
4 location, although central-west pre- neer or metallurgist preferred who desires extensive 
fe: \ as traveling, visiting great numbers of industrial plants 
| S In answering advise experrence Fine opportunity 
for right man. Address 8-5, 
Cure \ ) SSIST - ve 9, desires connec 
hs 4 ORY \ ISTANT, ag 19, 
Y Y phvsical laboratory. Has had one 
. ve f experience in all metals and_ their 
versit ,' al! KX ence on short notice, Philade Iphia ot DIE CUTTERS on replace work at Wallingford, Con 
\ Pi: strict preferred. Address 8-15. necticut. Address 8-25, 
oO fe 
lurgy POSITIONS OPEN 
et BAL ESMAN Graduate of mechanical or electrical 
supervis . g irse, preferably from class of °'23 to 
"9, and sales work on Hump and Homo 
engi 0 g Furnaces Short training period nec- WANTED 
&. efore active field work. Apply by letter 
Sy on giving age, marital state, education, schools 
at! experience, ete. State salary expected and , pc ss ae ; 
a hotograph. Address—Personnel Dept., Leeds UNIVERSITY GRADUATE with at least eighteen 
_—_ < . 7. hile 5 . 
Carneg . N p Company, 4901 Stenton Ave., Phila., months experience in the metallography and photo 
lerw! — s y 
micrography of carbon and some alloy steels Loca 
Pont SBALESMAN WANTED—Young man thoroughly com tion near Pittsburgh. Address 8-20, 
pe high grade tool steel—preferably one 
any a Philadelphia territery-——must furnish 
’ fr: eferences Geod opportunity for right 
m Address 8-10 
nisl 
Brai 
ee ing H 
, The Clearing House 
S fl | 
For the Sale of Used Equipment 
) 1 time 2 times 5 times 4 times 
Oxi IMS A hile ot kd ie $ 4.50 $ 4.25 & 4.20 $ 4.00 
Reruns PROGRUIGN SS | Sh. wa cise a6 ha ceawdwe ak 8.50 8.00 7.05 7.50 
; Pe eae arctan tea apse alate, ot ta ce 12.00 11.50 11.25 11.00 
| ] ; . . . . . . . 
Dus ire 12 lines to an inch. A charge of 40 cents per line will be made for extra lines 
Powel a a 
FOR SALE 
ie SAL Bi LS Triple Pot Furnace for High W ANTED—A used Brinell machine in good condi 
. s 10 dia : i deep. Excellent tion Address 8-35 
been used Address 7-15. 












































TRANSACTIONS OF THE 


Gas,’’ by E. R. Perry and EF. J. Talbert, Fellows, and S. H. K 
aoe Viscosity ot Open Hearth Slag,’’ by M. B. Rover, Kellow, and (| 


Senior; ‘* Mine Timber Treatment,’’ by N. A. Toleh, Fellow, and 


Senior; ‘‘ Distribution of Ferrous Oxide between Slag and Met 


Watkins, Fellow, and C. H. Herty, Senior; ‘‘Case Carburizing of 


R. EK. Wiley, Fellow, and C, FE. Sims, Senior. 


Sir Hugh Bell was awarded this year’s Bessemer gold medal 
poned meeting of the Tron and Steel Institute held in London, Ji 
presentation was made by Sir Rylands, the incoming president. 
recognition of outstanding services in the advancement of the art ot 


facture of iron and steel. 


A. O l’ulton, president Wheelock, Lovejoy antl Company, 
Mass., steel jobbers, has been made a member of the board of 


the Central Trust Company, Cambridge. 


It is said that the most valuable trainload of ore ever 


CArrie 


railroad was recently delivered at Niagara Falls for use by th 
Steel Company of America, This completed its journey ot 10 
from the interior of China. Its worth is estimated as slightly o 
million dollars for about 50,000 units. Tungsten is the heaviest ot 


being about two and one-half times as heavy as iron. Its meltin 


far higher than any other known metal, about 5900 degrees Fahr. 
sile strength after working is so great that it can be drawn out 
ment so fine that one pound will be nearly a mile and a half lo: 
is sufficient to manufacture 25,000 electrie bulbs of the 25 watt si 
sten is also used in the making of high speed euttine tools and 
saws, punches and dies, 

Tungsten was discovered in China about ten years ago. Recent 
in China have had a deleterious effect on the mining and shipping 
material. 


The International Foundry Trades Exhibition at the Royal Ag 
Hall in London held recently was a success despite the coal sti 
coal stoppage prevented a number of concerns from participating 
show, but the sixty exhibits which were on display represented the 
very fully. One of the important features was the showing of 
plants. Cupolas, sand handling machinery, molding machines, s 
plants and sand preparing machines were also of interest. Thi 


was formally opened by Sir Robert Hadfield. 


W. P. Woodside, founder member of the A. S. S. T., and forme: 
lurgist with the Studebaker Corporation, is now identified with th: 
Molybdenum Company of New York, in a consulting capacity. 


quarters are in Detroit. 


rederick, member of A. S. S. T., and president of th 


(Continued on Page 386 Adv. Sec.) 





ADVERTISING SECTION 


\fetallographic Polisher 


(Another Fisher Product) 


Can also be 
used for fine 


grinding 


12-265 


12-265 Metallographic Polisher, Fisher, Motor Driven 
or preparing metal surfaces. Separate heads can be used 
nd interchanged, and are directly connected to the motor 
shaft. The polishing head is equipped with a counterbal 
anced clamping ring for holding the felt dise in position. 
(he apparatus is completely enclosed; a bowl surrounds 
the head and catches the polishing liquid, which can be 
drawn off at the drain. The splash-shield is removable to 
rovide for cleaning. For operation on 110 volt A. C. or 
D. C. Supphed as illustrated, with polishing head and 
felt disc. 

Price $95.00 

12-270 Metallographic Polisher, Fisher, Pulley Driven 
Similar to No, 12-265 except base 1s not enclosed, and is 
provided with pulleys for power drive. 


Price $70.00 


The New Fisher Catalogue has a complete 
metallurgical section 


FisHEeR Screnriric Company 


LABORATORY SUPPLIES 


PITTSBURGH, PA.US.A. 


( Formerly Scientific Materials Company ) 


writing 


i to The Fisher Scientific Co., please mention TRANSACTIONS 








TRANSACTIONS OF 







THE 








Wire 


(‘hamber of 


and Steel Company, was reelected 





recently president ot 





(Commerce, 














Dr. W. P. to the 
\. S.S. T., has been appointed professor of industrial research at | 
State effective Dr. 


1906 and received his doctor’s degree fron 


Davey, a frequent contributor Transact 


College, September 1. Davey graduated fr 





Reserve University in 
1914. That year he 


which he 


joined the General Electric Company resen: 








has been a member ever since that time. 







W. M. 


appointed representative of the Institute of 


Corse, metallurgist and member A. 8S. 8S. T 


.. has re 








Metals of Great Britai: 


organization he is honorary corresponding secretary for the Unit . 
to the International Foundrymen’s Congress, which mtets at Detroit, » 


©7 to 30. 


Mr. 


ber 
Corse sailed for England July 14, to close negotiations for t \ 
can rights for the Durville patent for pouring monel metal, alumin 
While will attend to a . 
scientific matters pertaining to various metallurgical subjects and 
the National 


and other similar alloys. abroad, he 





Physical Laboratory, Teddington, England, and othe: 
Great He will attend the 
meeting at Liege, Belgium, September 1 to 4. 





institutions in Britain, also Institute 











(. J. Murray has recently resigned from the staff of The Linde A 
duets Company, to become associated with the Oklahoma Contracting 
pany. of that 


During his associati 


He is now organizing a new division concern to 





exclusively in oxwelded pipe line construction. 


the Linde Company, Mr. Murray specialized in this class of work 


studied the construction problems connected with a large number of 






trunk line projects, 

The Stanley P. Rockwell Company of Hartford, Connecticut, in 1 
No, 2607 sets_forth the practical results obtained by 
method the Rockwell 


and reduces crackage. 


users of the \ 


and how Dilatometer remedies 







tool-hardening 


The American Metallurgical Corporation has recently reported 





sales of electric furnaces for the three months ending March 31, 1926, 
the best the company's 

l‘urnaces totalling 974 kilowatts were sold, with the demand ranging 
20 to 85 kilowatt 


west. 


double previous three months’ business in 


, 








units. These were sold principally in the east and 
The following is a list of the recent, installations made by the An 
Metallurgical Corporation and eentained in their report: 

Two of the 60 kilowatt and one of 40 kilowatt for the Union I! 
‘ompany, Torrington, Conn.; two 85 kilowatt furnaces for air supe! 
the Ff. N. Burt Company, Buffalo; 
Better Packages, 


Cleveland 


( 
for one 34 kilowatt air superh 
four 30 kilowntt 
30 kilowatt pot type 
one 30 kilowatt pot type for a! 
Kant Score Piston Company, Cincinnati; 40 kilowatt 





Ine., 
Drill 


Cap & Set Serew Company, Cleveland; 


Shelton, Conn.; pot types 


for the | 





Twist Company; one 






one furnace 











(Continued on Page 38 Adv. Sec.) 































ADVERTISING SECTION 


FOR THOSE WHO DEMAND THE BEST 
IN THEIR FINISHED PRODUCT 


| SIMONDS STEEL, 
Too. STEEL 


MaGNetT STEEL 


SpEcIAL ANALYSIS STEEL 


SHEETS 
Bullet BARS 


sete 
+ ett das 






Sea aMea ie ii} 
TOOL EXPOSITION 


| | re ctCer-Nele 


ng ; E MUNICIPAL PIER SEPT 2024 
; \ 


BOOTH NO. 
212 & 216 


SIMONDS STEEL MILLS 


Lockport, New York 





n writing to Simonds Steel Mills, please mention TRANSACTIONS 


TRANSACTIONS OF THEk 


Thomas & Skinner Steel Products Company, Indianapolis: o7 
one 40 kilowatt and two 20 kilowatt furnaces for the Chrysk 
Neweastle, Ind.; two 20 kilowatt furnaces for the Pratt & Whit 
Hartford, making twelve units in this plant; one 30 kilowatt a 


watt outfit for the Gray Telephone Pay Station Company, 


(> kilowatt furnace for the Cushman Church Company, 
30 kilowatt furnace for the American Hardware Company, New 
and one 30 kilowatt installation for the Terrington <Conn.) 


( ompany,. 


The experimental blast furnace maintained by the Bureau 
partment of Commerce, at its North Central Experiment Stat 
apolis, has been developed to the point where it is now possibl 
the solution of special problems. One of these problems is the ef] 
tion of the manganiferous iron ores on the Cuvuna range and it 
of the ecountry. These ores are very important beeause of the 
ot domestie manganese reserves, While it is the practice at a numb 
to add small amounts of manganiferous ores to blast furnace mixt 
is some question as to the practicability of smelting a charge cont 
per cent of these ores. 

It is desirable to know whether it is commercially feasibk 
ores, and, if so, what grade of metal can be made from them ar 
of slags will give the highest recovery of manganese. More alun 
these ores than in straight Lake iron ores. This fact raises a questio1 
the smelting of these ores. There has been considerable speculation 
the effect of the rather large amounts of combined water present 
Range ores. 

During a recent test, about 156 tons of metal were made by 


of Mines in the course of 34 days’ operation of the experimental b 


This test was designed to cover the important phase of the problen 


above. The results obtained will be studied to determine whether 
complete enough to permit of drawing conclusions as regards recomn 
commercially feasible process for the utilization of these ores. It 


possible, further experiments will be made. 


A study of requirements for electrie-furnace refractories is 
by the Bureau of Mines, Department of Commerce. The work on this 
will follow in a general way the line of attack used in the Bureau’s st 
open-hearth refractories problem. It will inelude a survey of g 
ditions and the gathering of data on refractories used, service lift 
cause of failure, ete. Chemical and mineralogical composition ot 
will be determined and an attempt made to correlate the data with t 


obtained in the open-hearth investigation. 


The object of an investigation being conducted by the Bure: 
Department of Commerce, is to determine the cause of and means ot 
the varying carburizing and hardening characteristics of steels. Tl 
be carried on in cooperation with the Bureau of Standards. This 
problem for the Bureau of Mines, although the Bureau of Standards 
working on it from the testing end. It was undertaken at the re 


steel industry and will be attacked from the standpoint of product 








ADVERTISING SECTION 
BOX BULLETIN SUPPLEMENT PAGE I]! 


Tear 


BOX BULLETIN 


os 
© 





Published by 


General Alloys Co. 


Edited by 
H. H. HARRIS 


“You have not read 
Transactions until 


youve read _ The 


BOX BULLETIN” 





Vhen writing to General Alloys Company please mention TRANSACTIONS 





TRANSACTIONS OF THE A. S. 8S. T. 


BOX BULLETIN SUPPLEMENT PAGE 


Speen nema: saan ae epee RR: Se Ren Seen oe 


rene: 


- 


eatt 


DUM 


DKS 2 _ Sw v Sy 


NEW DEPARTMENT 


Complete Information about Chicago 


Established upon numerous requests from Steel Treaters planning t 
Convention and National Steel and Machine Tool Exposition of the A. S. §, 
the week of September 20th. 

I don’t know why it is that all of these gazabos think I am so 
Chieago and its environments that I can answer any question they sling a 
ever, | consider all the steel treaters friends and I want to do them a favo) 
consequently L feel inclined to answer a few of the questions and set then 


wel 


I do not assume any responsibility whatever for the truth or ecorrectnes 
answers, but have given my best endeavor. 


You will also observe that in no instance have I mentioned that Q-Alloy 
alloy than any other on the market. Even though I do draw the salary and « 
President of the Company, I do not feel it advisable in departments like this 


advertise General Alloys or the superior merits of the product they manuf: 
Cees, 
x ~~ 


Question: How long will the steel treat- suited for your needs. 
ers’ show last? certificate, if you are a m 
Answer: Boy, it will last longer than you’ A, S. S. T. you can get one, 


g 
do, It starts on Monday, runs through not you are out of luck. | 


up to and including Friday,—you can rest you are the only user of Q-All 
up on Saturday travel home on Sunday and know of who is not a m 
hang your hat on the old familiar peg on Society. H. H 


Monday morning. H. H. H. : 


Question: I have been using some of your Question: What would you 
Q-Alloy boxes and have had very good I bring it along or try and 
success with them, however, I feel it ad- brew in Chicago? 

visable to go to the steel treaters’ show in Answer: My advice is to 
Chicago and see what others have to offer them alone. Bob Guthrie w 
in the line of boxes. Would it be pos to get rid of some of his hor 
sible for me to secure a certificate giving he poured it in the gold-! 
me fare and a half on the railroads? his return he discovered 
Answer: Come right along young man. eaten their way through 
That’s just why the steel and machine _ killed the cat, overturned t! 
how is there, so that you can look over all and were putting the fin 
of the products and pick the one best the family bull-dog. 


When writing to General Allovs Company please mention TRANSACTI 





ADVERTISING SECTION 
BOX BULLETIN SUPPLEMENT PAGE III 


heard a lot about Chi- pearance in Chicago, and I am wondering 
resort and also about their how you expect to put on your night shirt 
id parking system. Could over your wings. 
ther or not the moonlight Answer: | am not worrying how I’m go- 
Chicago as it is on the ing to get my nightshirt over my wings, 


what’s worrying me is how I’m going to 
ust think I’m a wise old — get my hat on over my horns. 
right; however, let me . - Hm. HH. Hi. 


Question: I understand that at the A. S. 
S. ‘T. Convention they are going to get 
the old service men together for a little 
drill. Inasmuch as you were in the service, 
and as you are kind of portly, | am 
wondering how you are going to stand on 
the line without sticking out too far in 
front. 


1 


little advice. If you want to 
in the dark, don’t do it, just 


Let 
aS 
SESS 


eS 


light where everybody can see 
me. HH. Fi. 

have been informed that the 

o put hair restorer in their 


ee 


and | am_ wondering 
Answer: Here’s the answer. ri. Fa. Fis 


Question: Do the Chicago police have 
much consideration for a hick driver? 

Answer: It all depends upon the type of 
car you have. If you are arrested would 
suggest that you refuse to pay the fine, 
stating you believe that anyone who vio- 


The Gem Raiser. 
would recommend that 1 
razor, and what make would 


ince | was knee-high to a . . 
ae if lates the law should be imprisoned, and 

have been shaving myse , et gg 
. * after they send you to jail for ten days 


best razor I know of is . . 
: : ; you should offer to pay them for your 
ccompanying illustration. aa + a H. HH 
7 ara. C ° ° ° . 


rs. Hs. Fi. — 
Question: I am taking a course in “getting 
rd that you lived in Chi- fit by music”—do you think there would 
and that you were an be an opportunity in Chicago for me to 
ows that made their ap- continue my exercises, or do you feel that 


vriting to General Alloys Company, please mention TRANSACTIONS 





TRANSACTIONS OF 


THE A. 


BOX BULLETIN SUPPLEMENT PAGE IV 


going up and down the pier will be sufh- 
clent exercise! 
\nswer: Let me suggest that if you are 


taking this course that you refrain from go- 


ing to the grand ball on "Tuesday evening, 
because you are liable to hear a familia 
tune at the dance and start in with vour 
exercises, i. Ee. ees 

Question: I am a single man and plan to 
attend the steel show in Chicago. 
| get 


In case 
lonesome what 


sug- 


would be yout 


gestion as to the best method of approach 


Kim Leach [ 


Jay J. Donavan 


Toy 


GS -2 ¢ 


Sy 


When writing to General 


Alloys Company 


in order to have compan) 
Answer: The formula 
to step up to the young 
Sir, you’re my baby” and 
with it you are all set. 
Charity Hospital is locat 
Calumet. 


Question: I planned to 

ly before the exposition ay 
if you would not be so | 
have your advice as to wl 
the Missus would enjoy he 
vention. 

\nswer: So you’re thinking 
ried! Hmmn, listen to 
sausages are full of myst 
days without food makes on 
of the ladies kill more m: 
the railroads—but go ahead, 
canoe—heoneymooning at th 
spells dishwater just the san 


. ; ' 
swim ] ump: 


Question: Will you please pu 
graph of the Q-Alloy staff 
have at your booth at th 
Chicago! 
\nswer: Gladly 


here Pon 


Al Grinnell 


Ed. Van Stone 


Swiss Product 


please mention TRANSACTIONS 








